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VoL. XXV. 


Notices of the Royal Aeronautical Society. 


Election of Members. 
The following members were elected in the various grades as shown at a 
Council Meeting held on May 17th :— 
Fellows.—Commander F. L. M. Boothby, R.N., Captain S. W. Hiscocks, 
. L. Pritchard, Colonel E. W. Stedman, A.M.Inst.C.E., A. J. 
Rowledge, M.1I.Aut.E., A.M.1I.Mech.E. 
Foreign Members.—Major H. R. Coningsby, K. Hashimoto. 
Associate Member.—F. H. Bullock. 
Students.—F. G. Ping, G. W. Worsley. 


Safety and Economy Committee. 


The Safety and Economy Committee held its last meeting on Friday, May 6th, 
when the report was finally approved. It is now in the printers’ hands and will 
shortly be issued as a pamphlet, price one and sixpence a copy. 

It will be remembered that this Committee was constituted as follows :— 
Lieut.-Col. M. O’Gorman (Chairman), Lieut.-Col. W. A. Bristow, Lieut.-Col. 
L. F. R. Fell, Capt. G. de Havilland, Capt. G. T. R. Hill, Wing Commander 
J. H. A. Landon, Sqdr. Ldr. G. H. Norman, Mr. H. R. Ricardo, Mr. A. J. 
Rowledge, Col. F. Searle and Mr. R. McKinnon Wood. 


Owing to the number of external conditions which would have to be taken 
into account in considering a 500-mile route, the Committee ultimately limited its 
deliberations to the type of engine and mechanical arrangements, etc., required 
for the safe and economical working of an aeroplane carrying mails and passengers 
between London and Paris. 


Pilcher Memorial Prize for Students. 


The Council is glad to be able to announce, through the kindness of a gentle- 
man who desires for the moment to remain anonymous, the offer of an annual 
prize to the value of £5 for the best paper prepared by a Student Member of 
the Society initiating discussion at a Students’ Meeting during each year. This 
prize will be known as the ‘‘ Pilcher Memorial Prize for Students,’’ in memory 
of the late Percy S. Pilcher, who was a Member of Council of the Society from 
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1897 to 1899, and whose gliding experiments are recorded in Volume V. of the 
‘* Aeronautical Classics.”’ 

Mr. Pilcher was a naval architect by profession, being Assistant Lecturer in 
Naval Architecture and Marine Engineering at Glasgow University from 1893 to 
1896. The first three of his gliders—the ** Bat,’’ the *‘ Beetle,’’ and the ‘* Gull ’’— 
were built at Glasgow and experimented with on the banks of the Clyde at Wallace- 
town Farm, near Cardross. He later joined Sir Hiram Maxim at Eynsford, in 
Kent, where he built his fourth glider, the ‘‘ Hawk.’’ It was while making a 
glide on this machine on Saturday, September 30th, 1899, at Stanford Hall, 
Market Harborough, that the accident occurred which caused Pilcher’s death 
on the following Monday. One of the gliders, which is the property of the 
Society, is now in the Royal Scottish Museum, Edinburgh, on permanent loan. 
Pilcher’s private note-books of his experimental work constitute one of the most 
interesting items in the Society's library, where they are now ledged. 


Journal. 


In view of the necessity for cutting down all expenses to the minimum it is 
impossible to increase the number of copies of each issue of the Journal to be 
printed. At the same time, however, sales to persons outside the membership 
of the Society have been increasing, with the result that in a number of cases 
particular issues of the Journal become completely sold out within a few months 
of publication. Members who do not file their copies will greatly assist, therefore, 
if they would be so kind as to return any they do not wish to retain to the 
Secretary as soon as they have finished with them. 


Chairman. 


Two nominations from among the Members of Council have been received 
for the office of Chairman of the Society during the year 1921-1922. A ballot on 
these two names will be taken at the next Council meeting, on the 21st instant. 
The Chairman-elect assumes office on October 1st. 


W. Lockwoop Marsu, Secretary. 
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PROCEEDINGS. 
NINTH MEETING, 56th SESSION. 


The Ninth Meeting of the Fifty-sixth Session took place on Thursday, 
February 17th, in the Hall of the Royal Society of Arts, London, Sir Joseru 
PETAVEL occupying the chair. 


The CHAIRMAN said the only duty he had, as Chairman, was the pleasant 
one of welcoming the Lecturer, Mr. Handley Page, and asking him to give an 
account of the extremely interesting set of discoveries forming the subject of 
the Paper. Mr. Handley Page was so well known in this country and the world 
at large that he needed no introduction. 


Mr. F. HANnDLEy Pace then delivered the following Lecture :— 
THE HANDLEY PAGE WING. 


The present Paper is a record of experimental work carried out with a view 
to overcoming the phenomenon of ‘‘ burbling.’’ As is well known, the total pres- 
sure on an aerofoil is the sum of the positive pressure on the under side and the 
negative suction on the upper. If this negative suction can be made to increase 
progressively with increasing angle of incidence to angles greater than heretofore, 
the maximum value of the aerofoil lift coefficient will be increased. The effect of 
such an increase on aeroplane design depends upon the magnitude of the increase 
and the extra structure weight of the device necessary to obtain it. The present 
method which is now described has been evolved from experimental data, and an 
outline of the results is given below. 


In a Paper which I read before the Royal Aeronautical Society in April, 1911 
—ten years ago—I attempted an analysis of the somewhat meagre results then 
available on the pressures on plane and curved surfaces moving through the air. 
The effect now known as ‘‘ burbling ’’ was referred to as follows :— 


*** To obtain a law giving the normal pressure on a plane as a continuous 
function of the angle of incidence of the impinging air from o to go is im- 
possible owing to the two distinct forms of flow that occur on the back of the 
plane. From the horizontal position of the plane up to an angle varying in 
magnitude from 10° to 50° depending on the aspect ratio, shape and curvature 
of the plane, the air hugs the back of the plane, the suction due to the rushing 
air is felt directly on the back of the plane, and the pressure increases con- 
tinuously as some function of the angle. At angles greater than this critical 
value the air leaves the back of the plane, a ‘ dead ’ air region is formed there, 
and any reduced pressure or suction on the plane back tending to increase the 
total ‘ lift’ is then solely due to the drag of the ‘ live’ air stream at the 
edges of this ‘ dead ’ air region.”’ 


A further reference} was made later on in the Paper :— 


‘* The critical angle at which the ‘ live’ air leaves the plane back is 
reached earlier in the case of planes of high aspect ratio, and the latter accord- 


* “The Pressures on Plane and Curved Surfaces Moving Through the Air.’’—‘‘ Aeronautical 
Society of Great Britain Journal.’’ April, 1911. Page 48. 
+ ‘The Pressures on Plane and Curved Surfaces Moving Through the Air.”°—‘* Aeronautical 
Society of Great Britain Journal.’’ April, 1911. Pages 55 and 56. 
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H.P. aerofoil with five longitudinal slots. 
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ingly do not have such high maximum values as the planes of lower aspect 
§ 
ratio. 

*“ With planes of high aspect ratio there is not the same facility for the 
‘ feeding in ’ of fresh air at the plane sides to act as a link between the plane 
and ‘ live stream,’ and therefore the ‘ live stream’ leaves the plane back at 

an earlier stage than in the case of the plane of lower aspect ratio.’ 


In Fig. 1 is the set of curves reproduced from the 1911 Paper, showing the 
pressure on aerofoil as a function of the angle of incidence. It will be observed 
that the square aerofoil marked P. 1: 1 continues lifting until 40°, whereas the 
aerofoil of aspect ratio 6.25: 1 (marked L. 6.25: 1) ‘* burbles ’’? between 10° and 
15°. If, then, it were possible to convert the high aspect ratio aerofoil into a 
series of square ones and maintain the same conditions as in a square plane, 
higher maximum lift coefficients should be obtained. 


Fig. 2 is an aerofoil of aspect ratio 6} converted into six square planes by 
five slots, each parallel to the chord of the plane. With the slots open the total 
‘lift’? on the plane was slightly increased and the ‘‘ burble ’’ took place at 
14° instead of 13° (see Fig. 3). 


Improved results were later obtained with this form of slot, but this line of 
investigation was abandoned in favour of a transverse slot (see Fig. 4), which 


| FIG. 4. 


Plane section with early type slot. 


was tested on an aerofoil of R.A.F./15 section (see Fig. 5). The shape of the 
slot, the width of the two openings and the position of the forward small aerofoil, 
and many other details, were found to have a very marked effect upon the results. 
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Top diagram shows R.A.F. 6 section with early type slot. 
Lower diagram shows same section with later type slot. 


Slotted aerofoil No. 32. Slot open and slot closed. 
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Fig. 6 shows some early type slots on a R.A.F./6 section, and Fig. 7 the 
results obtained. The lift coefficient increases about 25 per cent. with the slot 
opened. Further developments are shown in Fig. 8, where a simple single slot 
is formed by the swivelling front edge on aerofoil No. 32, which was approxi- 
mately of R.A.F./6 cross section. This aerofoil was tested at the National 
Physical Laboratory at a speed of 80 feet per second, and the results are shown 
in Figs. 9g and 10. The maximum lift coefficient of the plane with the slot closed 
was .633 and with the slot open .943, an increase of 50 per cent. The maximum 
value of the lift/drag coefficient was 16.6 and 14.1 respectively. 


These results have also been plotted in Fig. 10, on curves showing the rela- 
tion between speed and horse-power per lb. weight, according to the method 
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described in a Paper which I read before the Aeronautical Society in March, 1917. 
I kx 
Speed is plotted as ——, and horse-power per lb. weight as ———. With the 
Vky ky ky 
slot open there is a reduction in landing speed of about 20 per cent., and with 
the slot closed practically all the advantages of the ordinary section. 


+ 


Above: Slotted acrofoil 51A, 36in. by 6in. 
Below: Slotted aerofoil 51B, 36in, by Gin. 


So far the tests described have been on one particular kind of section, and 
further experimental work has been carried out showing that similar results may 
be obtained with any type of section, both on what may be termed a “ high 
speed *’ section, such as R.A.F./15, or a ‘* high lift ’’ section, such as R.A.F./19. 
Fig. 11 shows the R.A.F./15 section—s51a and 51b—-the section with the slot 
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closed and the underside gap filled up being with a R.A.F./15. There is a 
slight difference between the two, 51a having the leading edge of the aft main 
aerofoil with a slight Phillips entry, whereas 51b has the leading edge of the aft 
acrofoil on the chord line. The results are plotted in Fig. 12, showing a slight 
improvement in lift in favour of 51b. A comparison between the R,A.F./15 and 
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The maximum lift 


coefficient is increased from .52 to .84, an increase of 61 per. cent., and the lift/ 
drag ratio is higher with the slot open at all angles above 12° 


R.A.F. 19 section. Pee Two slots, aerofoil No. 44C; 
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R.A.F. 19 section. Above (a) no slot; below (b) one 
slot, aerofoil No. 44A, 36in. by Gin. 


| | 
| ‘RAF 19 SECTION «Two bvoTs 
j 
FIG. /4. 
RAF 19 SECTION Two plots 


below, two slots, aerofoil No. 44D, both 36in. by Gin. 
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below, three slots, aerofoil No, 44L, both 36in. by Gin, 


4.F. 19 section. Above: Three slots, “4AP : 
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The same general type of results were obtained with a thick section, such 
as R.A.F./19, a section of which is shown in Fig. 13 with and without the slot, 
this aerofoil being No. 44. As, however, the R.A.F./19 is a section of small 
lift/drag ratio, the results of the single slot have not been included in this Paper. 

An investigation of pressure distribution on the main and auxiliary aerofoils 
formed by the slot showed that the results obtained were of the same character 
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R.A.F. 19 section. Seven slots, acrofoil No, 537, 36in. by 6in. 


RAFI9 TSLOTS AtROVON S33 


R.A.F. 19 section with seven slots; aerofoil No. 537, 36in. -by 6in. 
Section shown at angle of maximum lift. 
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as in an ordinary aerofoil, and that ‘* burbling *’ would take place on the small 
auxiliary aerofoil when it was at its critical angle, just as an ordinary acrofoil 
would do without a slot. It is evident that this can be overcome by further slots 
extending throughout the plane, and a series of experiments were accordingly 
carried out with various sections, to determine the lift that would be obtained 
with a multiplicity of slots. In Figs. 14, 15 and 16 the R.A.F./19 is shown with 


| 


| 


| 
| 


two, three and seven slots, and a series of experiments were conducted with 
each number of slots from one to seven. The results are plotted in Figs. 17, 18 
and 19. With six slots the lift coefficient reaches the abnormal value of 1.96 at 
an angle of 45°, and in comparison the curve of R.A.F./15, which is also plotted 
on Fig. 17, looks almost microscopic. At the angle of inclination of 45° at which 
this large value of lift coefficient is obtained, the tangent of the trailing edge of 
the aerofoil is practically vertical, showing that the air is being deflected through 
the maximum angle possible and is leaving the plane practically in a vertical 
direction. Fig. 18 shows the lift/drag plotted against lift coefficient, and Fig. 19 
the horse-power per Ib. weight against speed. : 
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These tests indicate that with a multiple-slot: arrangement an increase in 
lift coefficient can be obtained of two to three times the normal value without 
the slot. 

The tests so far described have all been monoplane tests, carried out in the 
wind tunnel at a speed of 4oft. per second. A further series of tests was carried 
out on several sections—of which aerofoil 42 1s example-—-to determine 


whether the same effect could be obtained on a biplane. The results in Fig. 20 
indicate that an increase in the lift coefficient of approximately jo per cent. was 
obtained with a single slet, and that a normal result was obtained. | Further 
tests carried out since have clearly shown that with the necessary biplane correc- 
tions the slotted monoplane tests can be applied to biplane calculations. 
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Centre of Pressure Tests. 

Aerofoil No. 32, the lift/drag cocfiicients for which have already been plotted 
in Figs. 9 and 10, was tested for its centre of pressure movement, and the results 
are plotted in Fig. 23. At any given angle the centre of pressure with the slot 


FIG. 23. 
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open is slightly farther back, but taking into account the decrease in lift co- 
efficient at small angles with the slot open, for any given value of the lift co- 
efficient the difference is not great. The general result, however, of the centre 
of pressure line being slightly behind that of the normal position is one that 
might be anticipated, as the pressure is more evenly distributed over the whole 
plane, and therefore the aft portion has a greater lift. This causes the result of 
the centre of pressure to lie farther back. 


In commenting on the tests carried out on this section, the National Physical 
Laboratory reported as follows :— 

‘* The high lift obtainable with the flap open is very remarkable, especi- 
ally in view of the fact that the position of the centre of pressure is little 
altered. At the critical angle the C.P. is at 0.295 chord with flap open, 
which corresponds with its position at about 8° incidence with flap closed. 
The longitudinal balance of the machine would be approximately the same 
when flying at 8° incidence or landing at 22° incidence, a very valuable 
characteristic. Scale effect in lift and drag are both considerable, but little 
effect on C.P. is found.”’ 


Flap Experiments with Slotted Aerofoil. 


An increase in the lift coefficient can be obtained by the use of a plane with 
flaps and altering the angle of incidence of these flaps. A series of tests were 
carried out at the National Physical Laboratory, published in the Report for the 
year 1913-14, pages 111 to 128. The results have been plotted in Fig. 24, com- 


pared with aerofoil No. 32 with the slot open and the slot closed. The R.A.F./19 
curve shown is the envelope of the various curves, as plotted in Fig. 32 of the 
Report referred to above. The maximum lift coefficient on aerofoil No. 32 is 
approximately .943, as against .82 with the flap, which at this value was set ‘back 
at an angle of 60°. 

The increase in lift coefficient by the use of flaps can be obtained with the 
slotted plane as with the ordinary one. 
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A series of tests were carried out on the section shown in Fig. 25, arid the 
results are plotted in Fig. 26. With the plane inclined at 18° and 19°, a 
progressive increase in the lift coefficient is obtained, but at 20° and 21° the plane 
is inclined at the critical burbling angle, and owing to this results are somewhat 
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unstable. Further experiments have determined that the rolling moments obtained 
with the alteration of the flap angle are of the same order as those on the plane 
of ordinary cross section, indicating that full control can be obtained by ailerons 
in the ordinary manner when the slots are open. 


Pressure Plotting. 


Reference has already been made to pressure distribution plotting on a slotted 
plane. These experiments were carried out on aerofoil No. 42, this being a 
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Slotted aerofoil No. 42, 
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/15 section with an extra nosepiece added—lig. 27. The results are 
shown in Fig. 28. The shape of these curves is very similar to that of the ordinary 
pressure plotting, excepi for the break in the curves where the slot is opened 
aiid the higher values in pressure obtained at the leading edge of the aft plane. 
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General Conclusions. 

The record which has been given is one of progress in experimental work 
with the slotted plane. In general, the results show that depending upon the slot 
shape, position, width, inclination, etc., an increase in lift coefficient of from 4o 
to 60 per cent. can be obtained with one slot, and up to 200 to 300 per cent. with 
a multiplicity of slots. The drag coeflicient is slightly increased on the slotted 
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plane with the slot closed, compared with an unslotted plane of similar cross 
section. The gap on the lower surface of the plane makes but little difference 
to the drag, but any discontinuity on the upper surface is at once attended by a 
large increase in the drag coefficient. With flaps fitted to such an aerofoil the 
necessary increases in lift coefficient can be obtained, so that a proper aileron 
control is still available. This is a distinct advantage over the method of increasing 
the lift coeflicient by alteration of the flap angle, for with the flap at its maximum 
angle no aileron control is possible. 

The centre of pressure is slightly aft of the position at smaller angles on a 
plane of similar section, but unslotted. This result is evident from an examination 
of the pressure slottings which show that distribution of pressure on each of the 
smaller constituent aerofoils, whilst similar to an ordinary aerofoil, result) in 
the lift being more evenly distributed over the plane. 


Causes of ‘‘ Burbling.”’ 

If reference is made once more to Fig. 28, it will be seen that as the angle 
of incidence is increased, the pressure at the leading edge increases very rapidly. 
At 14° the negative suction on the upper surfaces of the plane reaches a value 
of 1.2 for both auxiliary and main aerofoils. After this point is reached, the 
auxiliary aerofoil’s pressure increases more rapidly, reaching 1.65 at 16° and 2.2 
at 18°. At 18° the abnormal pressure increase over the small area at the front 
edge of the auxiliary aerofoil is followed by a very rapid pressure drop, the 
pressure on the main aerofoil only reaching a value of 1.3. This very steep 
pressure graduation immediately results in ** burbling,’’ the maximum value of 
the pressure at 20° having fallen to 1.75. 

The same type of results are found with an ordinary plane, except that the 
rapid rise in pressure of the leading edge would have taken place at a smaller 
angle. To prevent ‘ burbling ’’ it is therefore necessary to ensure that the angle 
of the auxiliary planes is always kept sulliciently small, so that a rapid increase 
in pressure is avoided. 

With a multiplicity of slots this is possible, as has already been shown in 
the case of the R..A.F./19 tests. It would appear that the rapid rise in pressure 
is due to an abnormal velocity, increase, with corresponding contraction of the 
live air stream, and that slightly farther back on the plane the necessary velocity 
reduction cannot be effected without setting up discontinuity and the eddying 
effect known as burbling.’ 


Effect on Design. 

The increase in lift coefficient possible with the slotted aerofoil permits either 
of slower running speeds than at present or, alternatively, of less power at top 
speed. The first is self-evident; the second requires some explanation. 

In an acrofoil design with unslotted planes, the lift coeflicient at top speed 
is usually less than that at which the best value of lift/drag is obtained. The 
landing speed and maximum lift coefficient determine the value of the lift coeflicient 
at full speed, the drag at this latter speed—excluding body resistance for the 
moment—the horse-power required to obtain this speed. 

With the slotted plane the reverse procedure may be adopted. — The lift 
coefhicient top speed can be chosen with reference to the best lift/drag ratio of 
the plane, and the slow speed for alighting obtained by the provision of the 
necessary number of slots to give the required lift coeflicient. At top speed it 
will therefore now be possible to work at lift coeflicients between .2 and .3 instead 
of the lower values which call for the use of a section such as R.A.F./15 with 
low values of drag at very small angles. The trend of design would therefore 
be towards the choice of sections with high lift/drag ratio rather than fairly high 
litt/drag ratios at low values of the lift coefficient. ; 
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If, then, machines can be designed with their planes at normal cruising 
speed, set at angles of incidence where the lift/drag ratio is not less than 16 
and perhaps as high as 21 or 22, a great economy will be effected in the horse- 
power that is required. Economy does not, however, rest with the planes alone, 
for if the planes are more efficient it will pay to sacrifice a little weight to diminish 
the body resistances of the aeroplane. 


It would appear from our recent experiments that a total lift/drag ratio on 
a complete aeroplane can be obtained of not less than 1 to 15 at the top speed. 
With this value and a propeller efliciency of 7o per cent., a speed of 120 miles 
per hour can be obtained with 33lbs. per horse-power. It is evident that results 
such as these will emphasise the importance of improved methods of propulsion 
at slow speeds, so that the problem of arising with such heavy loads per hortse- 
power is made easier than it would be at the present time. 


The experimental results which have been given above have been confirmed 
by full size tests on a D.H.9, the front edge of which was altered so that its 
section included a slot in front of the front spar. The increase in lift coefficient 
measured from the decrease in stalling speed showed that the full scale results 
followed closely the laboratory experiments. 


The German Lachmann Wing: A model of this was tested in 
the Handley Page wind tunnel, but gave a maximum lift 
coefficient of O53 (absolute) only. 


Mechanical Devices Necessary. 


The operation of the auxiliary plane or planes to effect the transformation 
from slot closed to slot open does not present very great difficulties, nor does their 
addition to the structure lead to very much increase in weight. One of the simplest 
methods is by the simple swivelling of the front auxiliary portion, but in this 
device and in the actual methods of control, many solutions are possible, and 
experience in manufacture and operation can only indicate which is the best. 
It is to be hoped that the results which have been given above and the investiga- 
tion which has been conducted will lead to further experiments being carried on 
elsewhere, so that improved results may be obtained to the benefit of aircraft 
and aviation generally. : 


The writer’s thanks are due to Mr. R. O. Boswall, now lecturer on mechanical 
engineering at Manchester University, and who, until the beginning of last year, 
was in charge of our wind tunnel and carried through all the original experiments, 
as well as to his successor, Captain G. T. R. Hill, and Miss Chandler and 
Messrs. Reynolds, Pirrie, Hall, Miles, Campbell and Fossett, assistants in our 
Research Department, for their able assistance. 
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DISCUSSION. 


The CuairMan said he had before him a remarkable collection of experts 
in the various branches of this subject. This new departure in wing design 
would, he thought, undoubtedly produce important results, and it would be 
interesting to call first upon one of the pioneers of the ‘acronautical world, by 
asking Colonel Ogilvie to give his views, as he had watched the development of 
wings from quite an early stage to the latest one. 


Colonel Ocitvie: In the first place I should like to compliment Mr. Handley 
Page on the way in which he has presented to us the results of this research 
work, and to congratulate him on his remarkable discovery. 

It is difficult to discuss details of the Paper without close study of the 
curves and diagrams, but if the general conclusions are correct it is evident 
that the possibilities are very great. 

The simplest thing to do is to compare a machine capable of carrying 
33lbs. per h.p. with a machine of the present day, which to do 120 miles an hour 
cannot be loaded at much more than 12 to 15lbs. per h.p. A very simple 
calculation shows that in a 33lb. per h.p. machine, the weight per h.p. available 
for load is at least three times as great as for the 15lbs. machine. [uel costs, 
which form so large a part of the total costs in civil aviation, will only be a 
third. 

Lower landing speeds will greatly increase safety and will lower insurance 
rates. This question of lower landing speeds is in my opinion a very important 
point and it is to be hoped that the benefits to be obtained from this discovery 
will be applied to this requirement of increasing safety to the fullest extent 
possible. 

The present speeds of 120 m.p.h. are adequate to deal with adverse winds, 
but the landing speeds of 60 m.p.h. or thereabouts are altogether too high for 
safety, particularly when they are combined with fine gliding angles. 

What other effects on design may we expect? The point which strikes me 
most forcibly is that the weight available for the engine, its accessories, gears 
and propellers will be more, and that it will pay to use gears and propellers 
of variable pitch. Mr. Handley Page draws attention to this point in his 
Paper, and it may interest him to know that in my own machines, which were 
Wrights with certain alterations, the weight lifted was 33lbs. per h.p. with a 
surface loading of about 3hlbs. per sq. ft., and that the power plant with its 
propellers, shalts and gears weighed about rilbs. per h.p. My speed range was 
36 to 50 miles per hour. Present engines weigh about 3lbs. per h.p. complete, 
and it will be worth while in view of the other advantages of stability and 
controllability to set aside another two or three Ibs. per h.p. for gears. 

We may also expect to see undercarriages having considerably greater shock- 
absorbing qualities whose resistance will be diminished by being wholly or in 
part withdrawn into the body, which we may expect to be larger but of better 
shape. 

On the other side the difficulties of altering the angle of incidence of- the 
wings through go degrees as well as altering their individual shape appear to be 
considerable and the more designers who tackle the problems the better. 

ven if the full benefits of this discovery do not become available for some 
time, it is clear that a very great aerodynamic advance has been made. 

In a recent paper, Colonel Tizard said that the worst feature of civil aviation 
of the present day is that it does not pay, and the best feature that it very nearly 
pays. 


Let us hope that this piece of research work will enable civil aviation to step 
out of one class into the other. 
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Professor L. Bairstow said it was clear that Mr. Handley Page had made 
a lot of unsuccessful experiments on getting rid of eddies before he got on the 
right track. Had he only given the final result instead of a history of the experi- 
ment many of us would not have received a correct impression of the amount of 
work involved in establishing a new fact. As it is, after considerable expenditure 
of effort, the Lecturer suggested that further experiments were necessary. On 
the main points of the advantages of the new wing he agreed with the last 
speaker, and also with the Lecturer in his summing up, more especially in regard 
to the reduction of landing speed which could be secured. It was not quite so 
easy to get the full advantage of a high-lift wing in the improvement of top 
speed, but Mr. Handley Page’s figure of 15 as the possible lift drag ratio was a 
great improvement on the present day 9. The centre of pressure problem in the 
variable-cambered wing—or the new Handley Page wing-—was not the same as 
in a fixed wing. Balance in machines depended on the position of the centre of 
pressure on the main planes and also on the down-wash; the latter was affected 
by the opening or closing of the slot, but in all cases the angle of down-wash 
was roughly proportional to the lift coefficient. If an aeroplane—flying just above 
the stalling speed with the slot closed—had the slot opened, there would be jan 
increase of lift coefficient, a correspondingly increasing down-wash, and a depres- 
sion of the tail. What ene would like was that the centre of pressure should have 
a tendency to go back to correct for down-wash. — It was conceivable that by 
changing the wing section in the middle of the plane—the part which produces 
down-wash over the tail—an exact correction between the centre of pressure changes 
and the lift coeflicient changes from the closing of the slot could be obtained, but 
that point would need a considerable amount of further study. With regard to 
lateral control, Mr. Handley Page had shown that flaps would operate behind a wing 
which had a slot, but the curves also showed that a slotted wing was more liable 
to spin than a wing of normal character. On the other hand, it did not spin 
until stalled, and the stalling angle occurred much later. If a wing of that 
description did stall the rate of rotation in the spin would be much greater than 
in the case of more usual wing forms. The problem of preventing that spin was 
accentuated with a high-lift wing, and we were not yet fully prepared to deal with 
methods for eliminating spin in existing aircraft, although indications had been 
obtained as to the possibility. 

Captain W. H. Sayers said it was curious how many people had tried to 
anticipate Mr. Handley Page and had failed. In 1910 Mr. Molesworth and Mr. 
Hughes produced a triplane—a heavily staggered multiplane. The only informa- 
tion to be got out of Mr. Molesworth was that his front plane was set at a less 
angle of incidence than his succeeding ones, and that it acted as a guide plane 
to deflect the air downwards in gradual steps instead of at one jump. He had his 
leading wing under the one behind it, i.c., the wrong way up, and that particular 
wing never worked, as far as he knew. He (Mr. Sayers) had tried to impress 
high-lift wings on the world for a number of years, with little success. Mr. 
Handley Page seemed to be doing better. He was fortunate in having a high- 
lift wing which he could turn into a high-speed wing. If he found the mechanical 
difficulties of converting his very high-lift wing into a reasonably high-lift /drag 
ratio wing too great, he could still do a fair amount—say with the range between 
a lift coefficient of 2 and a section which was as bad as R.A.F.19. His speed 
came down to go m.p.h. for a landing speed of 45, and with that he should be able 
to carry 42lbs. per h.p. and lift of 2olbs. per sq. ft. This should be comparable with 
22lbs. useful load per h.p. with four hours’ fuel. The fuel expenditure would not 
be higher than with the present-day machines and the running cost per h.p. should 
be the same. The average man said 10 guineas for flying to Paris in 2) hours 
was too high, but if it were put at three and a half guineas for 34 hours’ trip he 
might consider the matter more favourably. 


Dr. A. P. THURSTON thought it would be agreed that aeroplanes had reached, 
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more or less, the limit of their development, unless some revolutionary system of 
support or a completely new form of prime mover was evolved. There seemed no 
immediate probability, though there was a possibility, of a new prime mover. 
Mr. Handley Page was to be congratulated on bringing before them one aspect 
of a new system of support which seems to promise a future. 

The invention or discovery was worked out to some considerable extent before 
the war. Reference was made to the experiments of H. P. Molesworth and the 
Molesworth-Hughes multiplane embodying these principles described in the AERO- 
NAUTICAL JOURNAL of April, 1911. Quite independently, at East London College, 
he had worked out, more or less, the whole of the theory, before the war. He 
would show some diagrams from one lecture of a series given before a large 
audience at East London College on June 10, 1914, which might clear up some 
points left in doubt by the lecturer. The first diagram, Fig. 1, showed the position 
of the main plane relative to a small rider plane. These could both be rotated 
together through any angle, and, in addition, the rider plane could be moved to 
any position vertically or horizontally and be rotated to any angle in any of those 
positions, illustrated, for example, by positions 1, 3, 6, 7, and 10. Many other 
positions of the rider were experimented with. He showed a number of pressure 
diagrams as the rear plane or the little rider plane were rotated. The next 
slide, Fig. 2, gave pressure diagrams for the rear plane at a fixed angle of 
7 degrees with various positions and angles of the rider, i.e., with various widths 
of gap. In position ro, Fig. 3, there was very little alteration in the total pressure 
or lift on the main plane, whatever the inclination of the rider, from plus 40 
degrees to minus 4o degrees. At least three vears elapsed between taking the 
first and last readings of these diagrams, which were very numerous. The 
slight changes in total lift of the rear plane are not much greater than would be 
accounted for by experimental errors in reading considering the period of time 
which elapsed between the first and last readings. In position 7, Fig. 4, however, 
there was more interference owing to the air above the rider being more disturbed 
than the air underneath. When the rider was immediately in front, in position 1, 
Fig. 5, there was more difference, and as the gap decreased it became greater still. 
Thus in position 3, Fig. 6, between angles of plus 10 degrees and minus 10 
degrees the pressure on the rear plane increases at a greater rate, particularly on 
the suction side, and this increase is greater still with a smaller gap, as shown 
in position 6, Fig. 7. Attention may be directed to the fact that this phenomenon 
is largely due to the suction side of the rear plane. All the curves shown indicated 
the total lift and the suction and compression on the plane at the various angles 
of inclination of the rider. In all cases the suction was considerably more than 
the compression when the main plane was kept at a fixed angle of 7 degrees. 
These diagrams appeared in ‘‘ Flight ’’ on November 20th, 1914, as a small 
extract from a series of lectures previously referred to. The diagrams show that 
by moving the rider from an angle of minus 10 degrees to plus 10 degrees with 
the rear plane fixed, the lift on the rear plane increases in the same way as it would 
if its own inclination were altered. As the gap was decreased the interference 
with the rear plane increased at a still greater rate. With a very small gap and 
change of inclination of the rider from plus 10 degrees to minus 10 degrees, the 
lift on the rear plane acted as if the inclination of the rear plane had been altered. 
Referring to the lecturer’s explanation as to the burble point, it is well known 
that this occurs at various angles according to the aspect ratio, but whatever its 
reason it is clear that if one of the speaker’s rider planes were placed in front of 
the main plane and its inclination altered suitably, the effective or apparent 
inclination of the main plane could be reduced as much as desired, so as to keep it 
below the burble point. Further diagrams, published before the war, which 
agreed very much with the Lecturer’s own diagrams, showed that with planes 
of aspect ratio varying from one-sixth to nine the burble point or critical angle 
decreased as the aspect ratio increased and also that the peak in the curve 
decreases at the same time. The maximum peak effect appears to occur with a 
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square plane, i.e., when the aspect ratio is 1, and diminishes as the aspect ratio 
becomes a fraction or increases above unity. With aspect ratios of g and over the 
peak appears to disappear and the curve of pressure increases continuously with 
increase of angle, but the increase is at a less rate after the critical angle is passed. 
Thus it would appear that the phenomenon known as ** burbling ’’ is not due to the 
air leaping away from the front edge, as stated by the lecturer, but is due to end 
effect. In proof of this he (Dr. Thurston) carried out at East London College, 
over 10 years ago, experiments with smoke jets in a moving current of air 
passing over planes of various aspect ratios. It was seen that involute eddies 
or elongated spiral eddies of opposite rotation form at each wing tip. As the 
aspect ratio decreased it was found that these eddies collided and interfered with 
each other more and more. Hence the peak in the pressure curves. ‘This further 
supports the theory that the burble effect is due to end effect. He therefore 
disagreed with the theory advanced by Mr. Handley Page and thought that the 
term ‘* burbling *’ was a misnomer which should be discarded. A more satis- 
factory term appeared to be ** the aspect ratio critical angle *’ since each aspect 
ratio has its own critical angle. As the basis of Mr. Handley Page’s theory does 
not appear to be correct it follows that the results obtained, although promising, 
are not the best values possible. The speaker having been over the ground 
himself thought he had found a more eflicient method of obtaining increased 
support from the air. He thought his own experiments and those of Mr. Handley 
Page promised considerable modifications in standard aeroplane practice which 
will lead to increased efficiency, greater safety, and economy. He congratulated 
Mr. Handley Page very much indeed on the result of his experiments, with 
which he had no criticism. In view of Colonel Bristow’s attack of the speaker 
for not publishing the results of his experiments before, he pointed out that the 
experiments were published before the war. He did not think he should be held 
responsible for the fact that Colonel Bristow appeared to be ignorant on the 
subject. 

Colonel Bristow said Mr. Handley Page made a casual remark to the effect 
that he put only a single unit in front of the main plane in order to reduce the 
expense of the experiments. It was lamentable that experiments of such a vitally 
important character should have to be carried out in a manner that would save 
a few pounds in a country that spent 1,000 millions a vear. It was most regret- 
table that there could not be some arrangement by which assistance could be 
given by the Government. The Society should express perturbation at the fact 
that such experiments were starved for want of financial encouragement. In 
view of this fact, however, the work done by Mr. Handley Page reflected even 
more credit upon him. This discovery or the practical working out of principles 
that were barely thought of before had opened for the first time the door of real 
commercial aeronautics, and its application would have a profound effect on every 
branch. 

If any representatives of the Government Department were present they 
would, no doubt, agree that money should be found for experiments of this 
character. They heard with interest from Dr. Thurston that he discovered all 
this many years prior to Mr. Handley Page, and one could only regret that he 
did not give them the results of his knowledge early in the war, as it might 
have had a profound effect on the design and construction of machines. The 
Continental Press had recently contained a certain amount of criticism as to 
priority between other inventors and Mr. Handley Page, but after seeing an 
outline of the work done by Mr. Handley Page he thought they would all feel 
that there could be no justice in any counterclaims made for this discovery by 
anybody on the Continent. 

Mr. Gnosspetius said ihe one thing that worried him was the ratio of 
lift/drag. That was really an important part of the question, because it made it 
absolutely necessary to have a plane which could be moved. One must be able 
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to close the slots, and could not work with a simple structure. He congratulated 
Mr. Handley Page on having found out this interesting thing, as they all got 
rather stuck about wings. People thought there was nothing more to do, but 
much bigger efliciencies should be obtained than were got at present. 

Dr. A. J. Surron Pipparp said the Lecturer had up to a point succeeded 
admirably in making other people understand how he had arrived at his results, 
but there appeared to be a breakdown in the sequence when he changed from the 
slots fore and aft. He started with the idea that a square plane gave him better 
results, and then changed the direction of the slots from fore and aft to along 
the wing. It must have been a flash of genius which gave him that idea, as it 
seemed out of keeping with his previous assumption. The principal difficulties 
were the constructional ones. The aerodynamic results were really wonderful. 
The only constructional difficulty the Lecturer mentioned was the manipulation 
of the slots, but the construction of the separate parts of the wings would also 
present considerable difficulty, and in addition there was the set of the wings 
relative to the fuselage. When the flying range was increased to 45 degrees 
it would be uncomfortable for a pilot if the wings were not movable relative to the 
fuselage. It would be a considerable temptation to any firm operating aircraft to 
use these wings in order to increase the total load carried, but he very sincerely 
hoped part of the advantage would be used to reduce the speed of landing. He 
congratulated the Society on being the first to receive complete results of the 
model tests Mr. Handley Page had instituted. 

Mr. F. M. Green said that the high values of the lift coefficient that the 
lecturer had found were very promising, but that nearly all the results given were 
wind channel experiments and not full scale results. | At present we have not 
sufficient knowledge to predict directly from wind channel results. There is always 
a scale effect, and it is not known whether that effect always goes the same way. 
For different types of wings the lift coeflicient might increase in one case with the 
scale and decrease in others. The lecturer had said that his results with the single 
slot plane machine were fully confirmed by the D.H.9 aeroplane. That was the 
most promising part of the paper. 

The lecturer also referred to an imaginary aeroplane with a gliding angle of 
15 to 1 at 120 miles per hour. That would be delightful, but he did not think 
that the lecturer suggested that it would be practically possible to construct such an 
aeroplane now. It might be possible to make such an aeroplane, but the mechanical 
difficulties, increase of weight, and so on were great, and its climb would probably 
be so small as to make it a dangerous machine to flv. 

The Handley Page wing with adjustable slots would certainly help towards 
obtaining a machine with a good gliding angle at high speed. At the same time, 
it was probable this could not be done without some addition of weight to the wings 
and considerable difficulties in design. An aeroplane structure has to be made so 
light that it is always subject to considerable strain and this would make it difficult 
to work a number of swivelling joints. 

An aeroplane with adjustable flaps at the trailing edge was constructed at 
Farnborough before the war. Experiments carried out on it seemed to show that 
the increase of weight and complication was not warranted by the possibility of 
increased performance. 

The lecturer had suggested that the surface of an aeroplane was chosen in order 
to give it a definite landing speed, and that this surface was always too much for 
flying at full speed. In war machines this was certainly not the case. Sufficient 
surface was provided for obtaining the maximum performance at very high altitudes, 
and in fact at such heights the lift/drag ratio of the plane at full speed was about 
its maximum. For commercial machines the same considerations do not apply as 
the aeroplane will fly lower and the climb may not be quite so important. At the 
same time, we should proceed with great caution before deciding to adopt com- 
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mercial aeroplanes that do not have reasonably good climbing powers. It would 
be dangerous to try and get out of small aerodromes in bad weather on such 
machines. If Mr. Handley Page would give us some more information on the full 
scale results that had been obtained it would undoubtedly add greatly to the value 
of his excellent paper 

Mr. C. C. Wacker said that Mr. Handley Page had presented a large amount 
of valuable raw material in his most interesting paper. As to how this raw material 
is to be used, he indicated that machines could be designed with the help of his 
invention to fly at speed using a wing having the best possible value L/D. 

To make a comparison between what can be achieved with the new wing and 
what can be done by making the best use of unslotted wings is such a difficult 
matter that it can probably only be left to completed aeroplanes to decide. There 
are, however, some zeneral comparisons which can be usefully made. 

A wing structure can be designed (unslotted) with a maximum lift coefficient 
of over .85 and a maximum L/D of 21. An aeroplane using this wing structure 
arranged to give its maximum L/D at the cruising power of the engine and at a 
cruising speed of 100 m.p.h., will automatically possess a reasonably good “ get 
off’? and landing speed, and will therefore fulfil the important function of using 
the top of a high L/D curve when in flight. If it became practicable to use higher 
maximum lift coeflicients (maintaining the same L/D) they could be used for (a) 
improving the ‘‘ get off,’’ (b) for increasing the load with the same “ get off,”’ 
(c) for reducing the wing area and thus getting higher cruising speed for the same 
‘“oet off? and load. The advantage under (b) is more limited than might be 
supposed because it means taking more power from the engine in order to fly level 
at the greatest wing efficiency than would have been the case with the smaller load, 
and it is doubtful if engines should ever run over * full power at the most in 
commercial work, except, of course, for getting off the ground. — If, therefore, 
100 m.p.h. is found sufficient, it seems that the advantage of high lift coefficients 
should be shared between (a) and (b). If, however, greater speeds become 
necessary, (c) is, of course, the machine. This machine would possess a low value 
of L/D for the whole machine, but would nevertheless transport the same load at 
a greater speed than the lower lift machine which, after all, is more important 
than the possession of a high L/D. 

Mr. Handley Page referred to the possibility of very high values of L/D for 
the whole machine coupled with high speeds. These features seem incompatible, 
for while it is, of course, true that the wings must supply their lift for the least 
possible drag, yet the real job is the horizontal transport of the load in the fuselage. 
The h.p. spent in overcoming the body drag is that spent necessarily and usefully—- 
that spent in supplying the lift is an unfortunate necessity but is wasted so far as 
transport of the load goes. Thus the ideal commercial acroplane has as little 
stuff as possible extra to the fuselage and contents; in other words, a rather low 
L/D. <A machine having the highest possible overall L/D would in practice be 
slow, for it would have a small fuselage and big wings, and therefore a small engine 
and radiator. 


The remarkable lift coefficient of 1.9 obtained with the multiple slots would 
enable an extremely fast machine (with low overall L/D) to be designed. The 
difficulties seem endless and staggering as regards translating the multiple slot 
results into an actual aeroplane, and although Mr. Handley Page disclaimed putting 
forward these results as anything but abstract aerodynamic data, it would be 
interesting to know his opinion of the ultimate prospect of going the whole hog 
in the matter of lift coefficients. 

He thought that the fact that a commercial firm was capable of presenting 
an entirely original and valuable mass of research work to the world in these 
difficult times compelled the greatest admiration, and he would like to add his 
congratulations to those already tendered to the Author. 
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Mr. HopcGson (communicated) wished to know whether any tests had been 
made on wings in which the ‘‘ feathers *’ were inclined in the reverse direction 
to that adopted in the ** Handley Page’’ wing. The tip of birds’ wings were 
inclined in this reverse direction, and it would seem strange if Nature, with her 
infinite resources of time and material for carrying out experimental research, had 
not anticipated this brilliant research of Mr. Handley Page, and still more strange 
if, after her age-long work, she had decided on aa arrangement which was less 
eficient than Mr. Handley Page had been able to reach in the space of a few 
years. 


Mr. HanpLey Pace, in replying to the discussion, said Colonel Bristow 
had remarked that the Government should contribute something towards the cost 
of the experiments. It was satisfactory to know that they had there the Director 
of Research of the Air Ministry, so he presumed the message was being conveyed 
to the right quarter. 


Dr. Thurston dealt with the question of work done previously. He (the 
Lecturer) showed a further slide referring to experiments carried out on the 
Continent with the Lachmann wing. Three weeks ago he had carried out 
experiments on a wing made to the sketch given of the Lachmann wing, and the 
results had been disappointing. With the slot closed one would anticipate that 
the lift coefficient of such a wing with slots would be about .7 in absolute units, 
and that if a lift were obtained by opening the slots one would certainly get at 
least that value. The maximum lift coefficient obtained on test was .55. There- 
fore if large lifts were obtained by those experimenters abroad who were stated 
to have anticipated the present investigations, they were not apparent from the 
tests now carried out, and one would like to find out what the exact results were. 
Dr. Thurston referred to the experiments carried out by him on planes. These 
tests were really on tandem systems of planes, with the front or rider plane moved 
into various positions with respect to the main plane, but in no case was the 
arrangement such as would give the same results as those described in the present 
paper. As is well known, the result from the tandem system of planes is not so 
good aerodynamically as when the one plane is superimposed over the other, but 
in no case were the experiments to which Dr. Thurston referred applicable to 
the present line of investigation. It might be as Dr. Thurston said, that burble 
was got rid of in the high aspect ratio plane and not in the square plane, but the 
results were against such a theory. If the total pressures were separated into 
the negative suction on the hack of the planes and the positive pressure in the 
front, there was, on a high aspect ratio plane, at an early stage in the proceedings, 
a drop in pressure accompanied by burbling, whereas the inerease in suction on 
the back of the plane was continuous to a very high angle of incidence with the 
square plane. This clearly seems to show that burbling occurs at a much later 
date with a square plane than with a plane of higher aspect ratio. 


In reference to Dr. Pippard’s remarks as to the connection between the slot 
fore and aft and the transverse slot, he had described in the paper the difference 
between the effect with a square plane and a plane of high aspect ratio. As he 
visualised it, with a square plane the live air fed in at the sides into the regijon 
at the back of the plane and helped to form that link which preserved the live air 
stream flowing over the back of the plane. Similar results were obtained by 
slotting a plane of high aspect ratio, allowing the air to flow in sideways over 
cach end of the plane and so getting live air on the back. Instead of getting the 
air to flow in sideways in that manner with fore and aft slots, a simpler way was 
to slot it transversely and let the air flow in that way. So the logical sequence, 
instead of getting the air to turn a corner and see where it wanted to go, was 
to get it to follow the contour of the plane all the way. 

An increase of lift coefficient of 61 per cent. and a decrease in stalling speed 
of 30 per cent. were sufficient to warrant the use of this type of plane. He never 
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imagined they were going to build machines on which the fuselage would be 
swung through an angle of 45 degrees, because it would be alarming to passengers 
to find themselves on their backs at the moment of alighting. They were dealing 
with an entirely different type of construction from the ordinary planes. Much 
higher loadings could be used, and therefore much greater weights of structure 
employed, and one could build more strongly without increase of structure weight. 
If the area of the plane were cut down to one-third, the weight could be three 
times as great per square foot of area. 


There is at the moment, however, no need to go to the extreme length of 
obtaining a very high lift, but to effect the great improvements that are possible 
with the 60 per cent. increase in lift obtained with one slot. 


In reply to Mr. Gnosspelius’ statement that he could not get over the difficulty 
of getting a good lift/drag ratio, provided the rear edge of the forward plane 
fitted snugly on to the plane behind it, there was little difficulty in obtaining high 
value of lift over drift with the slotted type of plane when the slot is closed. 


Captain Green referred to full-size results. As far as ne remembered, with 
regard to the D.H.g which was tested, owing to the nearness of the front spar 
to the leading edge it was not possible to make a slot of as nice a shape as they 
could have liked. A section was tested in the wind channel and a slot was cut 
through it, the position of the front spar being borne in mind. On the model 
the increase in the lift coefficient with the slot open was in the neighbourhood of 
40 per cent. to 42 per cent., and on the full-size machine 35 to 36 per cent. On 
the full-size machine it was measured by measuring the stalling speed. 


It was characteristic of high loading machines that speed was gained at the 
expense of climbing and ceiling, so a type of construction using high-lift planes 
should give economy in commercial work. 


It was suggested by Captain Sayers that if more pounds per h.p. were carried 
one might carry people for 34 or 5 guineas to Paris. It was questionable whether 
they could compete with the cut in rates owing to the 'rench Government sub- 
sidies. 

Prof. Bairstow referred to the spin and centre of pressure problems. He 
had found the result the other way round. The machine became nose-heavy and 
not tail-heavy. 

Colonel Ogilvie said his old machine flew with 33lbs. per h.p., so there was 
hope, in these days, of being able to do it, alighting at the slow speed which 
he accomplished, and, he hoped, reaching a speed slightly, if not greatly, in 
excess of the 50 m.p.h. which he reached, but he agreed there would be difficulties 
if they attempted to move the fuselage through 4o degrees of inclination. He 
showed the results on a multi-slotted plane in order that the final development 
of the results might be seen, where the rear plane was vertical and diverting the 
air vertically downwards, rather than that he thought it was of immediate practical 
application. He thought immediate practical application lay in the direction of 
one or two slots, and tiiese could be used for either slowing down the landing 
speed or increasing the top speed by increasing the loading. 

A wing in the form suggested by Mr. Hodgson would call for an air-flow 
from the upper surface to the under surface of the plane; this result would not fit 
in with the air-flow distribution at high lift. 

He would remind Mr. Hodgson that Nature had other problems to deal with, 
such as flapping, as well as folding, wings, and could deal with the problem of 
alighting by rotation of the wings in a much simpler way than by slots. Nature 
found it necessary to give the bird legs and claws, whereas the aeroplane was 
fitted with wheels. In spite of this, the aeroplane was mechanically more perfect 
with wheels than with legs, 
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Mr. WiLiiam CocHRANE (communicated): Mr. Page is to be congratulated 
on leaving the beaten tract as regards aeroplane wing design. It is doubtful 
if the slotted wing will displace the ordinary wing with improved modifications 
In 1902 I patented and built a slotted wing model machine with eight sections 
in each wing. Although constructed wholly of corrugated metal, I found the 
wings had a tendency to buckle from the corners because this design is inherently 
weak. The angle of incidence of the planes could be varied by the aviator in 
flight through about 45 degrees, 22 degrees above and 22 degrees below the 
horizontal, so it is not novel to set the sections in a wing at a negative angle. 
The ideal wing will probably be a corrugated all-metal construction with one rigid 
arched leading arm inside the wing. The end of the arm will be capable of partial 
rotation to vary the angle of incidence according to requirements. — I 
noticed the sections of the wings experimented with were very fat. Burbling 
would not occur so soon if the wings were more arched with a deep varying 
camber from the root to the tip with flexible trailing edges, following 
closely the section of a gull’s wing. This is well-nigh impossible to produce with 
the system of construction at present in vogue, but with my arched leading arm 
system any section can be produced without weakening the wing structure. I 
await with interest to see what claims the British Patent Office allow Mr. Page 
for his invention. 

Votes of thanks were passed to the Lecturer, on the motion of the Chairman, 


and to the Chairman on the motion of Air Commodore Brooke-Popham (Chairman 
of the Council of the Society). 
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THE EFFECT OF TEMPERATURE AND 
ALTITUDE OF AERODROME IN THE TAKING 
OFF OF AEROPLANES. 


(Paper contributed to South African Association for the Advancement of Science.) 


BY P. G. GUNDRY, PH.D., B.SC., F.AE.S. (LATE R.A.F.), 


Introduction. 

The Cairo-Cape flights of 1920 brought into prominence many peculiarities 
of conditions arising from the high temperature combined with high altitude ot 
the aerodromes on the route. The conditions were for the most part new, for 
flight from elevated aerodromes in Europe and the United States has been made 
as a rule in temperate climates, where the temperature at such altitude was low. 
These peculiarities, which led to great difficulties for the pilots, may be divided 
into two classes :— 

(1) Engine peculiarities, especially defects of carburation and unequal 
heating of the cylinder jackets owing to the high temperature of 
the air. 

(2) Aerodynamical peculiarities, owing to the tenuity of the atmosphere. 

In the former class the difficulties were not to be foreseen, and much valuable 
information has been obtained as a result of these flights. 

The latter class of difficulty, on the other hand, was one that could have been 
predicted with certainty by anyone who has had experience in the testing of the 
performance of aeroplanes under varying conditions of the atmosphere. Much 
trouble would have been saved if some figures had been worked out beforehand 
as to the maximum load per horse-power allowable under the unfavourable condi- 
tions of low air density to be expected in the hot and high tableland of Central 
Africa. 

As Rhodesia and the greater part of the Union of South Africa offer the 
disadvantageous conditions of high ground, often at elevated temperature, it 
seems worth while to consider in what way the ideas of aviation as obtained from 
experience in Europe must be modified when applied to this country. 


1. The effect of Temperature and Altitude. 


As a result of a vast amount of investigation with the greatest possible 
variety of machine during the late war, the performance of a machine in the air 
can be predicted with a very fair amount of accuracy. The factors which deter- 
mine the air speed on the level and the rate of climb are :— 

1) The loading in pounds per horse-power. 

2) The wing loading in pounds per square foot. 

3) The density of the air. 

4) The propeller efficiency, i.¢., the proportion of the h.p. which is used 
in propelling the machine. 

When these factors are taken into account, the performances of all machines 
from the lightest scout to the heaviest bomber seem to fall into the same scheme. 

The propeller efficiency is the most uncertain term in the work. It may reach 
about 70 per cent., but the efficiency depends on the air speed, and at the low 
speeds of running along the ground before taking off it certainly will be con- 
siderably lower than this figure. 
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The most serious effect of a diminished density is in lowering the horse-power 
of the engine. At each stroke a smaller mass of air is drawn in. Though an 
‘‘ altitude control’’ may correct the consequent over-richness of the mixture, 
nothing but a motor compressor or similar contrivance will obviate the reduction 
of energy supplied by each stroke. 

The following calculations are based on figures of reduction of h.p. with 
density used in dealing with performance tests during the war. I understand that 
these figures are considered to be too optimistic, but as it is my object to give a 
lower limit to the effect sought, the values are in the right direction and at any 
rate are not exaggerations. 


Fi. 


if Fact or 
3000 
8 
4.000 
+5000 
6000 


It is often stated that the tenuity of the atmosphere makes flying difficult 
because the air is ‘‘ too thin to hold up the machine.’’ This is erroneous in the 
sense usually intended. The thinness of the air also diminishes the resistance 
to the forward motion of the machine, and the greater air speed thereby obtained 
compensates for the loss of lifting power at a given speed. By far the most 
important effect is that of reducing the engine power. 

The density of the air can be calculated when the pressure and temperature 
are known. In the following work the conditions are taken at 3,000, 4,000, 
5,000 and 6,000 feet altitude and temperatures 50, 60, 70, 80, 90, 100 degrees 
Fahrenheit. The altitudes are what are called ‘‘ isothermal heights,”’ i.e., heights 
as given by an ordinary aneroid or altimeter. 

The curves of Fig. 1 show the engine factor f(d) which must be used to 
multiply the h.p. at sea level for the same number of revs. per min. to get the 
h.p. actually obtained; d = the density of air compared with that at sea level 
under standard conditions (i.e., 1,222 grams per cub. metre). 
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The greatest possible varieties of machines with different loadings and in 
air of different densities have performances which fit into the two curves given in 
igs. 2 and 3 fairly well. 

In Fig. 2 the abscissa is . f(d)¥7/w and the ordinate Vi dv 7/w. 


In Fig. 3 the abscissa is HK,/d . f(d)V¥7/w and the ordinate vv7/w 
where E, = engine h.p. per 1,000 lbs. of load. 
d = density relative to air at sea level. 
w = wing loading in Ibs. per sq. ft. 
V = level speed (air speed) in miles per hour. 
v = rate of climb in ft. per minute. 
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It is from these figures that the following work is calculated. The way in 
which the density and loading come into the above quantities is the result of 
elementary aerodynamical theory.* 


The points shown in Figs. 2 and 3 are calculated from actual tests on 
Vickers Vimy bombers and D.H.g machines. 


2. Length of run on ground before taking off. 


Perhaps the most striking change that a pilot used to European conditions 
will notice in flying here is the greater run required to take off. Especially is 
this the case when the machine is heavily loaded and the air is hot. Lieut.-Col. 
van Ryneveld refers repeatedly in his technical report} to the difficulty of taking 
off his heavily loaded machine. 


* L. Bairstow, ‘‘ Applied Aerodynamics.”’ 
t The Acroplane,”? Vol. XVIII, 13, p. 670. 
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—— had to cut down more trees Shirati to take off.”’ 

‘* Abercorn, only possible and safe take off here is before sunrise down slope 
whatever wind.”’ 

‘* Unexpected difficulties taking off due altitude and comparatively high 
temperature and moist atmosphere ’’ (at Livingstone). 

‘‘ Every take off Northern Rhodesia was touch and go for the first few 
minutes, tail skid scraping trees.”’ 

And so on. 
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The following theoretical considerations will enable us to estimate the effect 
of altitude and temperature (i.c., lowness of density) on the length of run to take 
off. The least favourable case of no wind is taken. 

We can divide the run to take off into two portions :— 

(1) A run with tail down until some speed, say 20 miles per hour, is attained. 
This distance, which is quite short, will be unaffected by the density of the air. 
The speed is too slow for the air resistance to play an important part. 

(2) A run with tail up, in which the speed rises from 20 m.p.h. to the flying 
speed. This is by far the more important and greater portion of the run. We 
will assume that the pilot takes off at the minimum flying speed and that we may 
neglect the frictional forces connected with the contact with the ground. In this 
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way we shall get an under estimate of the length of the run required, for he will 
probably not lift the machine from the ground until he has some slight reserve 
of speed over the minimum flying speed. 
Let s = the distance of the run from the place where the speed is 20 m.p.h. 
P = the h.p. of the engine. 
= propeller efficiency. 
v = speed in feet per second. 
m = mass of the machine in pounds. 
g = 32.2 ft. per second per second. 
Then, thrust — resistance = mass x acceleration. 
The thrust is »550P/v. Resistance = Kdv?. 
550 P/v — KdV? = (m/g) v (dv/ds) (1) 
To find K, we will assume that the machine in the tail-up position is in the 
attitude for level flight, for which the air speed is I ft. /sec. 
Then 
550 P/l = Kdl? 
550 P (1 — v8 18) = (m/g) v? (dv/ds) 
This leads to 
8s = (m/gn 550 P) (15/3) log (1 — 20° ‘V*)/(1 — 
= (0.1368 (V*/E) log (V* — 20°)/ (V* — 


where V = level speed in miles per hour. 
V, = minimum flying speed in m.p.h. 


KE =h.p. per 1,000 Ibs. 

In this formula V and FE both diminish with diminishing density, but the 
change of V is small compared with that of FE. V, on the other hand increases 
as the density gets less, being proportional to 1/ /d. 

When V, = JV, i.e., at the ceiling, the length of run becomes infinite. 


3. Application to the Silver Queen II. (Vickers Vimy Machine). 

The weight of the Vickers Vimy machine without load is only known to me 
when the engines were Sunbeam Maoris. The difference in weight of these 
engines from that of the Rolls-Royce Eagle VIII. is known, and the weight I 
have taken cannot be far from correct. 

I have taken two loadings as follows :— 


1. Machine light ... 6,900 
Fuel and oil 1,200 
Crew and accessories 720 

Total weight .. ... 8,820 Ibs. 

2. Machine light ... 6,900 
400 galls. petrol... 
30 galls. oil 270 
Crew, spares, etc. ... 950 

Total weight... ... 11,000 Ibs. 


As far as report goes, the latter must have been about the load with which 
Col. van Ryneveld left the Bulawayo aerodrome with the Silver Queen II. on its 
last flight. 

The former load we may speak of as a “‘ light load.’’ It represents petrol 
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for about three and a half hours flight calculated from the average rate of con- 
sumption given by Col. van Ryneveld, viz., 40 gallons an hour. 

For the purpose of calculating the horse-power it is necessary to take the 
rate of revolutions per minute into account. I have taken 1,550 R.P.M. for this. 
For this rate the h.p. of each engine at sea level (density 1) is 315, as given by 
average bench tests. As the R.P.M. will be lower than this for the early part of 
the run, we shall get for this reason again an under estimate of the run required. 

The wing area (lifting surface) of the machine is 1,387 square feet. We have 
therefore for the two cases :— 


Light load E, = 71.5 w = 6.36 Ibs. per sq. ft. 
Heavy load E, = 57.3 w = 7.94 9 5 


y 
I, = engine horse-power per 1,000 Ibs. at sea level. 
w = wing loading. 

Another factor in making the calculation is the landing speed or minimum 
flying speed. This (as in the case of all air speeds considered) is the true air 
speed, i.e., the indicated air speed divided by yd. I believe that 60 m.p.h. will 
be a fair estimate to take for the light load at sea level. The correctness of this 
figure will not greatly affect the comparison of the different conditions. With 
variation of the conditions this speed will be proportional to the square root of 
the wing loading and inversely as the square root of the density. The greater 
speed to take off with diminished density and increased loading will have a marked 
effect in lengthening the run. 

The propeller efficiency, as remarked above, is the most uncertain term. 
It attains the value of 70 per cent. at the best speed for the propeller, but in 
the low speeds of run along the ground it will certainly be less than this. For 
purposes of comparison its value does not matter. We will take it 60 per cent., 
which is probably a good deal too high for the early part of the run. 


With the above data we can calculate the minimum run to take off at sea 
level and at different altitudes and temperatures. 


TABLE 1. 


Light load. Total weight 8,820 lbs. 
Run to take off in feet. 
At sea level 321 ft. 


Altitude. 3000 4000 5000 6000 ft. 
Temp. 

50 F. 418 461 513 570 
60 F. \ 486 541 602 

70 F. 519 570 639 
80 F. set ... 486 542 603 674 
go F. 574 637 7u 
100 F. 604 674 750 

TABLE 2. 


Light load. 
Ratio of run to that required at sea level. 


Altitude. 3000 4000 5000 6000 ft. 
Temp. 

50 F. 1.30 1.44 1.60 1.78 
60 F. 1.36 rou 1.69 1.88 
70 1.44 1.62 1.78 1.99 
80 F. TS 1.69 1.88 2.10 
go F 1.60 1.79 1.98 2:22 
100 F 1.69 1.88 2510 2.34 
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TABLE 3. 
Heavy load. Total weight 11,000 lbs. 
Run to take off in feet. 
At sea level 6o1 ft. 


Altitude. 3000 4000 5000 6ov0 ft. 
Temp. 
50 F. 8&5 994 1124 
60 F. 935 1046 1193 
70 F. os ... 880 ggI 1117 1268 
so F. RA 1050 1190 1352 
go F. 9go 1263 1443 
100 F. 1050 1341 1542 
TABLE 4. 
Heavy load. 
Ratio of run to that required at sea level. 
Altitude. 3000 4000 5000 6000 {t. 
Temp. 
60 F. 1.39 1.56 1.74 [.99 
70 F. 1.46 1.65 1.86 2.11 
80 F. 1.55 1.75 1.98 2.25 
go F. 1.65 1.86 218 2.40 
100 F. 1.75 1.9% 2.23 2.55 
Fig 4 
S00}. 
600, 
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From the above results we see that at Bulawayo, for example, with a tem- 
perature of go° F., an aerodrome in every direction nearly twice as large as under 
ordinary European conditions would be required; while at places of altitude 
6,oooft. with a temperature of 100° F. the linear dimensions of the aerodrome 
should be two and a half times those of the aerodrome in England required for 
the same machine. 


4. Rate of Climb from the Aerodrome. 


Hardly second in importance to the length of run to take off is the rate at 
which the machine will climb out of the aerodrome. Not only has it to clear 
obstacles such as trees on the boundary, but it must rise sufficiently high to be out 
of the disturbed condition of the atmosphere in the neighbourhood of surrounding 
hills and kopjes. The rate of climb under different conditions of altitude and 
temperature can be calculated from the curve in Fig. 3. In Figs. 4, 5, 6, 7, we 
have the curves giving the rate of climb for any ground horse-power per thousand 
pounds, and for the six different temperatures and four different altitudes, the 
curve for sea level being given in each case for purposes of comparison. All 
these curves apply to the case of a wing loading of 7 lbs. per square foot. 


Calculation of the rate of climb under the different conditions leads to the 
following results :--- 
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TABLE 5. 
Vickers Vimy. Light load. Total weight = 8,820 Ibs. 
Rate of climb in feet per minute. 
At sea level 845 ft. per min. 


Altitude. 3000 4000 5000 6000 ft. 
Temp. 
50 F. 696 648 597 543 
60 F 674 619 508 516 
7o | 648 597 542 487 
80 F 619 568 516 404 
go F 597 542 486 438 
100 F 568 515 463 417 
TABLE 6. 
Vickers Vimy. Heavy load. Total weight = 11,000 lbs. 
Rate of climb in feet per minute. 
At sea level 523 ft. per min. | 
Altitude 30C0 4000 5000 6000 ft. 
Temp 
50 F. 396 360 312 267 
60 F. 377 332 290 243 
70 F. 358 308 265 221 
80 F 332 288 244 201 
go F 308 265 222 180 
100 F 288 244 201 162 
6 
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For purposes of comparison we may take the results for the D.H.g machine 
with the Siddeley Puma engine (‘‘ Voortrekker’’). The loading is taken as 


follows :— 


Machine light 3,200 
Fuel and oil 500 

Total weight... 438060 


Wing area 436 sq. ft. R.P.M. 1,350. Horse-power (sea level) 242. 


Horse-power per 1,000 lbs. 79.1. 
Wing loading 7 Ibs. per sq. ft. 


TABLE 7. 


“* Voortrekker.”’ 


Ibs. 


Rate of climb in feet per min. at sea level 965 ft. per min. 


Altitude. 3000 4000 5000 6000 ft. 
Temp. 
50: ... 800 740 688 626 
60 F. 715 662 600 
70 sae FAO 685 636 568 
80 F. 655 608 542 
go F. GSS 628 568 518 
1oo F, 660 600 542 500 
Fig 7 
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It will be seen that the rate of climb of the Vickers machine loaded as it left 
Bulawayo falls to a very low value for high altitudes and high temperatures. 
Taking the extreme case of 6,000 [{t. at 100° F. the rate of climb is only 162 ft. per 
min. It is also clear that the superior performance of the Voortrekker, which 
finished the flight to Cape Town, is not due, as was supposed by some, to 
superiority of the machine or its engine, but merely to the fact that its loading 
was more suitably tempered to the disadvantageous conditions of altitude and 
temperature. 


5. Effect of Humidity. 


It is worth while considering the effect of water vapour in the air on the 
performance of the machine. For a given pressure the amount of dry air in a 
given volume diminishes with increase of humidity, and the effect, unimportant at 
low temperatures, might become important at high temperatures. For example, 
saturation at 100° F. will decrease the relative density of the dry air from 0.746 
at 6,000 ft. to 0.689, a change of 7.6 per cent. The factor of reduction of engine 
power is thereby reduced from 0.736 to 0.077, a reduction of 8 per cent. The 
telative density of the dry air is what must be used in the engine factor, since 
the vapour drawn in at each stroke is passive as far as combustion is concerned. 
On the other hand the aerodynamic effect of humidity is negligible, the square 
root of the density being very little altered by the presence of water vapour. In 
Fig. 1 the alteration of engine power factor for presence of saturated water vapour 
is shown. 

It appears as if even the extreme case of saturation at 100° F. would only 
produce about 8 per cent. increase in the run to take off. 

It does not appear therefore that (apart from the effect on the fabric, and 
the extra weight due to deposition) humidity should have much detrimental 
effect on the performance of the aeroplane. 


6. Conclusion. 


It is clear from the above considerations that the views as to possible loading 
per horse-power gained from experience during the war, more particularly from 
bombing machines, must be modified when applied to flight in Central and South 
Africa. One of three courses is open :— 

Either (1) our aerodromes must be very much larger (say twice as big as under 
European conditions). 

Or (2) the loading of the machines in pounds per horse-power must be con- 
siderably reduced. 

Or (3) some effective way of overcoming the loss of horse-power with 
diminished density must be employed. 

With regard to (2), long stop flights must give place to shorter flights of 
three or four hundred miles or less. Thereby the load of petrol may be reduced 
and smaller machines may be used. 


With regard to (3), as far as I know all such devices of forced draught into 
the engine that have been tried under European conditions have not been found 
to give extra horse-power commensurate with their extra weight. It is however 
a question worthy of consideration whether under the different conditions of this 
country some such device may not be worth while adopting. 


| 

| 
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THE TECHNIQUE OF FLIGHT. 
Lectures delivered to the Scottish Universities in November, 1920, 
BY SQUADRON LEADER R. M. HILL, M.C., A.F.C. 


LECTURE II. 


In my last lecture I promised to try and show how the pilot can foresee and 
effectively eliminate practically all the danger which attends the art of flying. 
You will probably notice that most of the danger arises, at least indirectly, from 
some misbehaviour of the engine; so that in estimating the danger I shall be 
compelled to lay considerable emphasis on the possibility of engine failure, in 
spite of the fact that it is comparatively remote. If we look back to the infancy 
of any mechanical means of locomotion, we realise how unreliable it was in the 
initial stages; we may therefore look forward with absolute confidence to the 
future reliability of the aero engine and its installation. 


Every day almost marks an improvement, and if the early pioneers who lost 
their lives could trace its development what surprise they would express! At the 
same time the possibility of one unreasonable engine failure is a menace to the 
whole of flying, which cannot and must not be blinked at. To the engine designer 
it must afford the stimulus towards improvement in engine design, on the part 
of the aeroplane designer it must be met by the will to explore every means of 
mitigating its effects, and on the part of the pilot of to-day by the firm resolution 
so to study the art of flying that he may not be caught unprepared and indirectly 
diminish the confidence of the public, upon the active support of whom rests the 
future of civil aviation. 


Apart from learning to nurse his engine sympathetically, so that he may get 
the best out of it and make the chance of engine failure as remote as possible, 
the most urgent problems for the pilot to study are the balance of his aeroplane, 
what powers his control surfaces give him, and how far they extend. Hitherto, 
when considering the forces acting on the wings and on the aeroplane, I con- 
sidered them without reference to the couples called into play. How then is the 
balance of an aeroplane maintained? The problem naturally divides itself into 
two parts—the lengthways, or longitudinal balance; and the sideways, or lateral 
balance. As the lateral balance is closely associated with all the problems of 
turning, it will be taken as embracing any motion about the longitudinal and 
vertical axes of the aeroplane. Both these problems have long been the subjects 
of close investigation, both by mathematicians and by flying men, and the practical 
results of the study of longitudinal stability are far more evident than thosé of 
lateral stability in the aeroplane of to-day. If the aeroplane is deficient in one, 
the helpful qualities arising from the other are seriously impaired, for in practical 
flying there is hardly a manoeuvre which is not coloured and diversified by the 
most complicated kinds of motion. From one side the problem is attacked by 
the flier, who views a complex motion as a natural manceuvre, and on the other 
by the scientist who attempts to analyse the motion and build up a theory about it. 


I will try and give an analysis of the longitudinal balance of an aeroplane as 
simply as I can. In order to bring out the fundamental truths, I have specifically 
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neglected certain factors which modify and refine the conclusions, but do not 
substantially affect them. 
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At the top of this diagram is a picture of a monoplane with its wings and 
tail plane shown in section. The position of the centre of gravity is indicated, and 
the arrow shows a force representing the weight acting vertically downwards. 
Another arrow shows a force representing the lift of the wings acting vertically 
upwards through the centre of pressure of the wings, the centre of pressure being 
the intersection of the line of the resultant air force on the wing and the chord 
of the wing. The chord of the wing is a line joining its leading and trailing edges. 
This force may be resolved into any directions you like, but it is most convenient 
for our purpose to resolve it into the lift component acting vertically, and the 
drag or resistance component acting horizontally. In the picture I am simply 
concerned with the lift of the wings. You will notice that there is an arrow 
showing a downward force on the tail. The couple produced by the tail must of 
course be equal and opposite to that caused by the wings, if the aeroplane is in 
balance or in ‘‘ trim.” 


Supposing now that we have the aeroplane in balance or equilibrium, vou all 
know that this may be of two kinds, stable or unstable. This, of course, means 
that should the aeroplane be disturbed from its condition of balance, if stable it 
will return to that condition, if unstable it will diverge further and further. 


In order to find whether the aeroplane ts going to be stable or unstable let 
us examine the variation of the forces if the aeroplane is disturbed. At a given 
speed, as we saw before, you must be flving at a certain angle of incidence, and 
this angle and no other will satisfy the requirements of flight, which will, in its 
turn, determine the position of the centre of pressure relative to the wing chord. 
But if the angle of incidence be increased or decreased the centre of pressure 
moves, and the way in which it moves is not conducive to balance. In a general 
way, at least within the range of flying angles, if the wing is moved to a bigger 
angle to the relative wind the centre of pressure moves forwards, thus tending 
to push the wing to a bigger angle still; and if to a smaller angle, backwards, 
with the reverse effect. Thus any disturbance always tends to upset the wing. 

Again, if the wing is moved to a bigger angle, simultaneously with the 
forward movement of the centre of pressure, the lift force increases due to the 
increased angle; whereas if the wing is moved to a smaller angle, simultaneously 
with the retrogression of the centre of pressure, the lift force decreases, due to 
the decreased angle. 

Similarly, if the aeroplane is disturbed the force on the tail is affected by its 
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change of angle of incidence corresponding with that of the wings. The move- 
ment of its centre of pressure can be neglected as it is relatively so small compared 
with its distance from the centre of gravity of the aeroplane. 


Let us now examine the effect of the position of the wings relative to the 
centre of gravity. I have chosen for the lower diagrams two extreme cases, 
the left hand one with the centre of gravity well forward, so that it is on the 
whole in front of the centre of pressure, and the right hand one with the centre 


of gravity well back, so that it is on the whole aft of the centre of pressure. 


These conditions may not accurately represent any particular aeroplane, but for 
comparative purposes they illustrate sufficiently well the principles involved. 


Before considering them in detail let us get clear about the operation of the 
forces which produce the various couples. First we have the lift force of the 
wings and the movement of the line of action of this force; and secondly we have 
the force on the tail. 

Take the left hand case in the diagram, with the centre of gravity forward. 
Let us suppose that for a certain condition of flight the lift force is as shown 
at A. This is behind the centre of gravity and is tending to nose dive the 


aeroplane. Therefore the tail has to exert a downward force, as vou see, to 
balance this; that is, the tail has to be set at a negative angle to the wings. The 
aeroplane is then balanced and is said to be in trim. 
Fow le e aeroplane be movec - a wind gust to a larger angle. The lift 
N let th roplane be moved by a wind gust t ger ang rj 
force is then as shown at B, and its line of action has moved forward. The 


lift force, however, has increased and the downward force on the tail has decreased 
owing to the tail being now at a smaller negative angle to the relative wind. 
Thus the inereased force on the wings combined with the reduced downward 
force on the tail tend to overcome the opposing effect of the forward movement 
of the centre of pressure, and to put the nose of the aeroplane down and restore 
it to its original attitude. 


Again, let the aeroplane be moved by a wind gust to a smaller angle. The 
centre of pressure moves back, but the lift foree shown at C decreases and the 
downward force on the tail increases. The reduced lift foree of the wings, 


combined with the increased downward force on the tail, tend again to overcome 
the opposing effect of the retrogression of the centre of pressure, and again to 
restore the aeroplane to its normal attitude. This is the case of a stable aeroplane. 

Take the right hand case in the diagram, with the centre of gravity back. 
When the aeroplane is moved to a larger angle the lift force shown at B increases 
and its line of action moves forward; while the force on the tail, which in this 
case is upward in order to balance the aeroplane, increases. Now you can see 
that the increase of lift foree, combined with the forward movement of the centre 
of pressure, tends to overcome the righting moment of the tail and push the nose 
of the aeroplane up more and more. Similarly, if the aeroplane is moved to a 
smaller angle, the nose tends to be pushed down more and more. This is the 
case of an unstable aeroplane. 

You will see that the tail always calls into play a restoring couple; but in 
the stable case the only thing operating against stability is the movement of the 
centre of pressure, while in the unstable case, both the movement of the centre 
of pressure and the variation of the lift force operate against stability. This is 
sclely due to the position of the wings relative to the centre of gravity. If the 
centre of gravity is forward, the aeroplane tends to be stable; if back, the aero- 
plane tends to be unstable. 


The larger the tail the larger its righting effect. The size of the tail, how- 
ever, cannot be increased indefinitely owing to the injurious effect it would have 
on the longitudinal control. With this reservation then we may say ‘that longi- 
tudinal stability depends on the position of the wings relative to the centre of 
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gravity and on the size of the tail. In actual practice the area of the tail is 
frequently about one tenth of that of the main planes, and the centre of gravity 
is about a third of the wing chord from the leading edge. 

It will be seen that for some positions of the centre of gravity the wing and 
tail moments may approximately balance each other throughout the whole normal 


range of angles and corresponding flving speeds. The aeroplane is then said 
to be neutral, and such aeroplanes are extremely pleasant to handle. When we 


come to examine longitudinal control it will then be obvious why such an aeroplane 
is termed pleasant. 


Before leaving the question of longitudinal balance I should like to say one 


more thing about the tail. In considering the angle of the tail relative to the 
wings I omitted any consideration of the downwash of the wings. As the wings 
pass through the air they impart to it a downward flow. The tail is naturally 


affected by this; and the actual angle of the tail to the wind which meets it in 
flight is not what it appears on a drawing, but some angle which depends on th« 
downward flow of the air behind the main planes. If the tail were shown at a 
negative angle relative to the main planes on a drawing, it would be made mor¢ 
negative still by the downwash in flight. 


| have tried to give you some idea of the longitudinal balance and _ stability 


of an aeroplane; I will now say something about the lateral balance. This is a 
more difficult problem and far less is known about it. To be laterally stable an 


aeroplane should, if left to itself, continue in its initial direction and keep on an 
even keel; or if its motion is disturbed, return to these conditions. 


First, the motion of falling over sideways is intimately connected with the 
motion of turning. Suppose you are sitting in an aeroplane and it commences 
to drop its starboard wing; that is to say, rotate in a clockwise direction as 
far as vou are concerned. The weight of the aeroplane is acting vertically down- 
wards and the lift is normal to the wings, so that with the starboard wing dropped 
these forces no longer balance each other. The aeroplane therefore has to sideslip 
to starboard, until the introduction of a side force on the aeroplane due to the 
wind blowing on the side of the body again brings the forces into balance. At 
the same time, however, a force is brought into play on the side of the fin which 
tends to turn the aeroplane to starboard. Thus a turning motion is inevitably 
intreduced. People talk of lateral and directional stability as separate things, 
but it is really impossible to consider them as such, and that is where the com- 


plicatic yn comes in. 


You know that aeroplanes are fitted with a fin behind to increase the side 


area of the aeroplane alt of the centre of gravity, relative to that in front. If vou 
have too little fin area aft the aeroplane tends to spin round and go tail first, 
which is called spinning instability. On the other hand, if you have too much 
fin area aft, during a sideslip, the effect of the excessive fin is to swing the tail 
round and gradually push the aeroplane into a steep spiral. The danger arising 


from too little fin is the more serious of the two, and by far the more commonly 
met with. 

\eain, on nearly all modern aeroplanes, the planes are not fitted in a straight 
line from tip to tip, but are inclined at a small angle to the horizontal, anything 
up to 5°. This is called the dihedral angle, and the effect of it is to call into play 
a righting couple if the aeroplane is rolled over sideways, provided it is flying at 
normal angles of incidence. 

Suppose the starboard wing drops. The aeroplane, as was explained before, 
will commence to sideslip to starboard. Therefore the relative wind does not 
come from the frent but from the starboard quarter, which means that it virtually 
blows more under the starboard wing and tends to blow on top of the port wing, 


due to the dihedral angle. This idea can be grasped if vou imagine the extreme 
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case of the aeroplane travelling absolutely sideways, which means that the relative 
wind would blow from the starboard wing tip to the port wing tip. Hence the 
starboard wing lifts more and the port wing less, so tending to restore the 
aeroplane to a level keel. As a matter of fact, there are very few aeroplanes 
to-day where a degree of lateral stability suitable to modern requirements has 
been attained, and that is why I say less about it. 

I told you in my first lecture that the early aeroplanes were all unstable ; 
this was so because the idea of making them stable never occurred to men who 
were entirely concentrated on getting aeroplanes to fly at all. Then, later on, 
the want of stability was felt, and men like the late Edward Busk began to develop 
it in practical form. But again its development suffered a curious check. The 
war came, and pilots immediately began to demand aeroplanes with the maximum 
manoeuvrability in order to get the best striking position in aerial fighting and 
to dodge the enemy’s bullets. It was not until you met an enemy scout and 
you found he had a gun which barked quite as unpleasantly as yours that you 
realised what high manoeuvrability really meant. Now you can see that a highly 
stable aeroplane, if trimmed at a certain speed, is always wanting to return to 
that speed. If vou want to make a swift and sharp divergence from that speed, 
say to cock the aeroplane up suddenly to a big angle to shoot at an enemy above 
you, you have to use your elevators to do it; you cannot consult the aeroplane’s 
wishes on the subject. It wants the whole time to return to its own natural 
speed, and vou have to overcome its wishes; in actually doing so vou have to 
use up part of vour elevator control that might otherwise be available for cocking 
up the nose. The limiting case might arise when you had used up all your 
elevator angle in overcoming the aeroplane’s wishes, and still had not cocked 
up your nose enough to get vour sights on the enemy; or it might be that you 
wanted to dive on him and could not get the nose down enough for the same 
reasons. I admit I have exaggerated in order to bring the point home, but it 
will be understood that the more stable the aeroplane is the greater the force you 
will have to exert on the controls to overcome its wishes and do what you wish, 
and consequently you will say that the controls are, comparatively speaking, 
heavy. Now vou can see why an aeroplane is actually pleasanter when it is about 
neutral, that is, when vou do not have to exert much force to make it do what 
you want. 

Next, what about the case of the unstable aeroplane? If it is balanced at a 
certain speed, then at larger angles and correspondingly lower speeds, it wants 
to cock its nose up, while at smaller angles and higher speeds it wants to dive. 
This time vou actually have to employ force on the controls to right it, instead 
of as in the stable case, to make it diverge; but for manoeuvring this is not such 


a handicap as it might at first appear. The essential thing to get hold of is that 
from the fighting pilot’s point of view, the rapid lead off of the manceuvre is what 
he wants, in order to get his sights on the target quickly. He does not mind 


so much if he has to exert a little force to right the aeroplane. If he wants to 
point his nose up quickly, or point it down, the unstable aeroplane helps him 
because it is naturally trying to do that all the time. In any case the control 
forces on an unstable aeroplane are relatively smaller than on a stable one, owing 
to the fact that the tail is usually smaller. 

As was shown before, there are two main factors which decide the stability 
characteristics of the aeroplane; and there seem to be certain harmonious com- 
binations of these factors that produce an aeroplane in which the exertion of large 
control forces is not required at any speed, an aeroplane which pilots would call 
responsive, yet one which would look after itself, at any rate to a large extent, 
should the pilot leave it alone. If positive stability were arrived at by employing 
an abnormally large tail with the centre of gravity still kept comparatively far 
back, as might be possible, the aeroplane would certainly feel unpleasant and 
would not be liked. The clever designer would achieve stability by a harmonious 
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combination of the factors, without the undue exaggeration of either. The general 
opinion of fighting pilots seems to be that an aeroplane is most handy on the 
control for fighting when it is nearly neutral. If it can be made just on the stable 
side of this without materially impairing the control, then a great advantage is 
secured from other points of view. In any case extremes of stability or instability 
are to be avoided. 

Now that the requirements of civil aviation are so prominent there is more 
demand still for stability. High manoeuvrability can give way to stability to a 
greater extent; vou do not want such high maneeuvrability for, a commercial 
aeroplane, but you do want it to be able to look after itself when you have to fly 
through fog, clouds or darkness. Even then there is still such a thing as having 
the aeroplane too stable; for besides the unpleasant characteristics referred to, 
excessive stability, with all its good points, introduces certain other disadvantages. 


I have constantly referred to the pilot’s having to exert force on the controls 
to carry Gut manoeuvres, and have pointed out how an aeroplane, if very stable, ts 
said to feel heavier than it would feel if neutral or even unstable. It is a difficult 
thing to define control quantitatively, and hitherto the pilot has generally been 
relied on to say whether the control feels heavy or light. More recently, how- 
ever, efforts have been made to measure the force actually exerted by the pilot 
on the contre] column, I may say with considerable success. Instead of pushing 
direct on the control column, the pilot pushes on a spring attached to it, and the 
force is shown in pounds by a needle on a dial, in short, an attempt is being made 
to relate the pilot’s description of the feel to an actual measured force. 

Even in a very small aeroplane the pilot has to exert some force on the 
controls to manoeuvre it; as the aeroplane becomes larger, among other things 
its moment of inertia increases, and the pilot has to exert greater forces, until a 
limit is reached where he is not strong enough to contro] the aeroplane under all 


conditions. Thus, in a general way, if the inherent characteristics of the aeroplane 
are neglected, its mere size is very largely responsible for the magnitude of the 
control forces; and a small aeroplane is always lighter than a large one. This 


means that in large aeroplanes difficulties of control usually arise because the 
pilot has not the strength to exert the force necessary to right the aeroplane ; 
and in small aeroplanes because he does not act quickly enough owing to the 
inherent quickness of movement of a smali aeroplane and the liability of his being 
caught unawares. 

I pointed out that if a stable aeroplane had the tail set to balance it at a 
certain speed, to fly it at any other speed it required a certain force, which is 
provided by the elevator. To get over this disadvantage most modern aeroplanes 
are fitted with an adjustable tail plane, operated by a self-locking mechanism, 
which can be moved in flight. The aeroplane can then be trimmed throughout a 
large range of speeds, and no force need be used with the elevator to balance it, 
so that all the power of the elevator is available to manoeuvre the aeroplane. 


I have hitherto considered the balance of the aeroplane without reference to 
the effect of the engine; the engine I have merely regarded as giving the power 
necessary to maintain the speed; but it also affects the balance of the aeroplane. 
In a modern aeroplane, as vou open or close your throttle the balance of the 
aeroplane is affected, and it is extremely important for a pilot to realise how it is 
affected. I will take the most important way only; the effect of the propeller 
slipstream. 


Take the propeller slipstream. The airscrew can only give thrust by ac- 
celerating air backwards. The air it accelerates is the air that it mects as it 


travels along. It throws this air backwards as it were in a jet, which is termed 
the slipstream ; consequently the tail of the aeroplane feels an increased airsneed, 
and so has forces on it larger than when the engine is shut off. Again, the engine 
has to supply a certain couple or torque to drive the propeller round; this torque 
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is then applied by the propeller to the air, and as a result the slipstream has a 
rotational motion in addition to its increased speed. The air in the slipstream 
is washed downwards in a similar way to the remainder of the air encountered by 
the planes. 


SIDE VIEW: SHOWING SLIPSTREAM 
ON THE FIN AND RUDDER. 


ORECTION o¢ 


ELATIVE Wind 


BACK VIEW OF TAIL. SHOWING 
SLIPSTREAM ON THE FIN AND 
RUDDER. 


The diagram shows the approximate path of the slipstream; vou see it strikes 


on the tail and the lower parts of the fin and rudder. If the engine is shut off 
the slipstream disappears, and the tail plane, fin and rudder are no longer alfected, 
so a change is felt in the balance of the aeroplane. If the tail is set, as it usually 


is, at a negative angle, the slipstream increases the downward force and pushes 
the nose of the aeroplane up, making it feel tail heavy; conversely, the absence 
of slipstream makes the aeroplane feel relatively nose heavy. If the engine fails 
suddenly, the aeroplane becomes out of balance, and this is very disconcerting 
to the pilot if he is not on the look out for it. 


If the fin and rudder could be disposed symmetrically in the slipstream, there 
would be no lateral force on them. But, as vou see in the diagram, the slipstream 
only affects the lower parts. If you could have more of the fin and rudder below 
the fuselage, you might achieve what vou want, but the aeroplane has to sit up 
at an angle on the ground to get a big angle of incidence of the wings to help you 
to land slowly, so there is no room for extra fin and rudder below. You can see 
in the end view of the fin and rudder, the lower parts only are affected and catch 
the upper part of the slipstream which, as it rotates, exerts a lateral force on them, 
tending to turn the aeroplane round, just as if the rudder were put over; with 
engine on you have to counteract this force the whole time by ruddering against 
it. When the slipstream disappears, due, say, to engine failure, vou no longer 
feel this force. This may also catch vou unawares and make you swing the 
aeroplane the other way, because vou have become accustomed to pressing with 
your foot on the rudder bar. 

Therefore, if vour engine fails you have to look out for two things: Firstly, 
the maintenance of your flving speed, to keep the lift equal to the weight; and 
secondly, the new conditions of balance of your aeroplane. 


1 have pointed out that in a given aeroplane you cannot fly level below ,a 


certain speed. This is frequently about 45 m.p.h. with an angle of incidence of 
about 15°. At this point vour lift reaches its maximum, and with any increase 
of angle it will fall off. This is called the stalling angle, and at this angle a 


breakdown of the stable air flow round the planes takes place, your control 
surfaces become ineffective, and if the engine is cut out vou have to lose height 
and regain speed before you can again control your aeroplane. If this happens 
close to the ground vou may not regain control before vou strike it and then you 
crash. Therefore it is essential that you should always keep your speed, say 
10 per cent. above your stalling speed, when you are close to the ground. When 
I take a new type of aeroplane up, the first thing I do is to climb it to a safe 


| 
= 
A 
Cay 
| 
a 
a 
oO 
is 
C- | 
it 
a 
ie | 


308 THE AERONAUTICAL JOURNAL [Fune, 1921 


height and find out what its stalling speed is, in other words, how slowly I can 
safely fly it. One of the worst troubles of a stall is that lateral instability nearly 
always makes itself unpleasantly conspicuous. One wing may drop and _ the 
ailerons have no power to right the aeroplane; similarly, the rudder has no power 
to correct the aeroplane if it becomes slewed. The tendency is then for the 
aeroplane to drop its nose and get into a spin, of which I will say more later. 


I have referred to the fact that the size of the aeroplane determines in a 
general way the order of magnitude of the control forces and that the stability 
characteristics affect the control forces in aeroplanes of the same size. The third 
factor which determines the magnitude of those forces is the speed. In a given 
aeroplane, at high speeds the controls feel relatively heavier, due to the increased 
air force; and as the speed goes down they feel lighter. When the speed drops 
to within ten or fifteen miles an hour of stalling speed the controls begin to feel 
sloppy, and as stalling speed is approached they become entirely useless. Aero- 
planes are usually designed so that the controls feel most effective in the middle 
range of speeds; at high speeds they are more powerful, but they cannot be used 
so effectively, due to the force required to move them; at low speeds they are 
light and pleasant, but less effective. The same effect is noticeable when vou 
lose way on a ship. 


When do you fly near stalling speed; in other words, when do vou have to 
be most careful? In getting off and landing. In getting off vou open out your 
engine and commence to run along the ground. The slipstream will almost 
immediately give vour elevators a little power, so you raise the tail slightly to 
decrease the air resistance of the aeroplane. The extent to which the tail is 
raised varies with individual pilots; theoretically the aeroplane should be kept 
at the angle of minimum drag, but in any case the tail should not be raised to a 
greater extent than will bring the longitudinal axis of the aeroplane parallel with 
the ground. As you run along you will constantly have to make movements of 
your control column to allow for the varying effect of the slipstream on the tail, 
which has been referred to; and vou will have to counteract the turning tendency 
which will rapidly develop, due to the wash of the slipstream on the fin. As 
you are travelling at such a low speed vou may need absolutely full rudder to do 


this. After a time vou realise by the feel of the controls, that is, their effective- 
ness, that vou have got up a greater speed than stalling speed and that vou are 
nearly air borne. You can then gently lift the wheels clear of the ground by 
depressing the tail. It is as well to get up a speed at least 10 per cent. in excess 


of stalling speed before the wheels rise more than a foot or so from the ground, 
so as to leave vourself a good margin for controlling the aeroplane, especially 
laterally. We saw also that this will probably put vou at vour best climbing 
speed, which is somewhat in excess of the lowest speed at which vou can fly. 
I do not say that this is the quickest way of getting off; the practice of pilots 
varies very much; but it is the safe and normal way. 


Now for landing. The essence of landing is to stall your aeroplane at 
ground level. As the aeroplane sits on the ground the planes are considerably 


inclined, perhaps about in the stalling position. What vou want to do is to 
approach the ground in a glide and flatten the aeroplane gently cut, increasing 
the angle of incidence and decreasing the speed, until just as the aeroplane stalls, 
the wheels and tail skid touch the ground simultaneously, and the aeroplane runs 
along and gradually pulls up. When vou glide in, vou want to glide as slowly 
as you can, so as to stall as soon as possible after crossing the boundary of the 
aerodrome, and take up the least space in landing. But vou dare not glide too 
near stalling speed, because vour controls are not good enough; and if lateral 


instability develops vou may drop a wing and have serious trouble. Therefore 
vou glide in about 15 m.p.h. above stalling speed. At fifteen feet or so from 


the ground vou gradually commence to flatten out with the elevator. This takes 
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some learning and you always pay for an error of judgment by some rather 
unpleasant bouncing. If you stall the aeroplane about four feet off the ground 
instead of at ground level, you drop heavily, and this is called ‘* pancaking.”’ 
If you do not flatten out soon enough, vou fly into the ground and bounce, and 
make what I heard an American describe as a ‘* low water landing with high tide.” 
You always keep your engine running a little as you can damp bouncing by a 
judicious use of it. If your engine fails entirely in flight you simply have to 
make the best of it; and if vou are compelled to land in a confined space, your 
success will mostly depend on how cleverly vou judge your glide. There are 
many tricks by which pilots lose height, while yet keeping a margin of control 
when coming into an aerodrome, which I have not time to describe. 

In the early days a spin was looked upon as an unfortunate event which 
terminated vour career as a pilot; nowadays it is practised freely as a manceuvre, 
and is a rapid way of losing height, as long as you do not practise it too near 
the ground. Every pilot wants to experience spinning as he is then better equipped 
for regaining control if he spins by mistake. Why should he spin by mistake? 
We saw that the curved planes used to-day were not associated with inherent 
longitudinal balance; well, neither are they with lateral balance. If an aeroplane 
is badly stalled it becomes very unstable laterally when flying straight. The air 
forces on the wings are such that they tend to spin it over and over sideways, 
one wing going down and the other wing coming up. [I will try and explain why. 

When an aeroplane spins the average angle of the wings may be as much 
as 30° to the relative wind, although the aeroplane is nose down and _ losing 
height rapidly, owing to the wings lifting very inefficiently. And if, as you sit 
behind the wings looking steeply downwards, you are rotating clockwise in a 
right hand spin, the starboard wing is dropping relatively and the port wing ts 
coming up. Therefore the starboard wing is increasing its angle to the relative 
wind steadily out to the tip, reaching say 50°, and the port wing is decreasing 
its angle down to, say 10° at the tip. Strange as it may seem, a curved wing 
may lift as much at 10° as it does at 50°, so there is no force tending either to 
increase or to decrease the speed of rotation; and vou can see that this will be 
a steady condition of flight, in which the wings will continue to rotate on their 
own, that is to say, the aeroplane will go on spinning unless some violent disturb- 
ance is introduced to destroy this condition, When you are spinning vou feel 
that there is some uncontrollable force tending to whirl vou round and you 
cannot check it by the normal means. You may have given the rotary impulse 
with the rudder vourself after having stalled the aeroplane, or the aeroplane 
may have dropped a wing and started rotating on its own. This condition is 
known as autorotation, and can only exist when the average angle of the aero- 
plane is greater than its stalling angle. How are vou to destroy it and recover 
from the spin? You have got to realise that vou are well above the stalling 
angle and that vou have got to unstall vourself. Because the nose of the aeroplane 
is pointing down the instinct is to pull the control column back to get the nose 
up; actually this makes things worse and keeps vou stalled. Here then is a 
case where the requisite motion of the control mechanism is opposed to the 
observed motion of the aeroplane; that is, to get the nose up when stalled, vou 
do not pull back the control column, but have to push it forward. So you push 
the control column forward, which has the effect of reducing the angle of incidence, 
bringing the wings back to below stalling angle and destroying the condition of 
autorotation, which can only occur when stalled. At the same time you assist 
in checking the rotary motion by applying opposite rudder. You then end in a 
dive, as the nose has all the time been pointing steeply down. From this dive 


you can gently pull the aeroplane out in the normal way. The best thing is so 
to fly that you do not induce accidental spinning; the next best thing is to 


understand how to recover in the minimum space, and this you do by studying 
individual types, the characteristics of their balance and of their wings. 
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I have said something about the rotation of an aeroplane in an abnormal 
way; I will now deal with turning in normal flight. Suppose you wish to turn 
to port. To produce this turn vou have got to supply a force towards the centre 
of the circle you are going to turn about, and at the same time produce a couple 
to point the nose of the aeroplane always in the direction of flight as vou go round 
the curve. You supply the force by banking or tilting the aeroplane with the 
port wing down and the starboard wing up; under these conditions the air force 
on the wing's, instead of acting vertically upwards, is inclined towards the centre 
of the turn, thus drawing the aeroplane out of the straight path to a curved path. 
At the same time a couple is required on the aeroplane to swing it so that it 
points continually round the curve; this couple vou supply by ruddering to port. 
For any rate of turn, that is to say, amount of bank, there is only one correct 
amount of rudder to give; if vou give more you point the nose too much round 


and skid outwards; if vou give less vou slip inwards. A turn on an aeroplane is 
thus very similar to a turn on a bicycle; if you do not tilt over the correct amount 
you skid one way or the other. For steep banks, that is sharp turns, vour 


elevator has to be called into play, and it takes some time to learn to co-ordinate 
the movements of vour rudder, ailerons and elevator correctly. 


I remember watching Hucks, in 1912 | think, the first Englishman to loop 
the loop, and thinking what a hair-raising spectacle it was; vet so has flying 
developed that it is now an everyday manoeuvre. You fly the aeroplane at a fair 
speed, usually about 100 m.p.h. You then pull back the control column and 
impart an upward acceleration. As the aeroplane goes up vertically the propeller 
thrust is much less than the weight of the aeroplane and the speed falls off rapidly 
until, when vou are upside down, it may have fallen to 50 m.p.h. The acceleration 
towards the centre of the loop presses vou into your seat, and in a good loop 
you never tend to fall out. If vou pull the aeroplane over violently, vou stress 
it very heavily and you could actually break a very manoeuvrable aeroplane in 
this way. The feel of apparent gravity, referred to before, is a help to you, as 
it gives vou a warning as to how heavily vou are stressing the aeroplane. 
During the whole loop vou keep the control column back, and if you arrange 
your initial speed rightly and pull over correctly—vou have a fairly good latitude 
of errer—the aeroplane comes round again to normal flight. The engine is 
usually throttled down during the last part of the loop to avoid losing any more 
height than vou can helo when the aeroplane is pointing vertically downwards. 


The roll, I think, is the prettiest manoeuvre I] know. The French discovered 
it before we did. British pilots practised it early in 1917, about the same time 
as voluntary spins. The aeroplane is rolled round sideways and the motion shows 


the same characteristics as a spin, with the difference that the fuselage of the 
aeroplane is kept roughly parallel with the ground. I am convinced that the 
phenomena of autorotation are involved and that the wings are in some sense 
stalled. The aeroplane certainly seems to take charge momentarily as it does 
in a sustained manner for a spin. 

You have to set up the rotary motion with a violent impulse from the rudder 
and hold the aeroplane stalled with the elevators. 


I am afraid I have not time to deal with more advanced maneeuvres still, 
such as rolling off the top of a loop and inverted flight, all of which are fascinating 
to the student of the art of flying. 

These manoeuvres are most easily performed in small highly controllablk 
aeroplanes. Controllability on large aeroplanes is wanted mainly for safety, so 
that vou have the largest margin of control when vour balance is upset and large 
disturbing forces come into play. Take a four-engined Handley Page, weighing 
fourteen tons. Its area is approximately 3,000 square feet, and it is controlled 
by hand. Larger aeroplanes still will be constructed and the magnitude of the 
control forces will almost certainly overtax the strength of the pilot. We are 
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therefore experimenting with relay control devices to take the major proportion 
of the weight off the pilot’s hand, while leaving him the feel. 

For the success of civil aviation we have got to fix the word ‘‘ safety ”’ 
continually before our eves. If the pilot really appreciates the characteristics of 
his aeroplane at and near stalling point, the manner in which variation of engine 
power affects his balance and the way he can get the most out of his control 
surfaces, he will then be well armed when he suddenly finds himself face to face 
with situations of difficulty and danger. I hope | shall never forget the maxim 
of my first flying instructor: ‘* Keep your head and vour flying speed !”’ 

Throughout these lectures I have insistently dwelt on the difficulties and 
dangers in the art of flying. The study of an art largely consists in measuring 
its difficulties in the most rigidly critical spirit. 

In order to see how well these difficulties have been met and what little risk 
there now remains, it is only necessary to turn to the statistics of accidents in 
civil aviation of to-day. The number of miles flown for every accident is some- 
thing like 35,000 or nearly one and a half times round the world. The British 
public never minds facing a risk, and I make bold to say that the risk will be 
faced all the more cheerfully if it is calmly reviewed and its measure clearly 
grasped. 


As we look forward into the future, imagination may reveal to us the steady 


march of science. Fifty vears have passed and the lonely airways over the middle 
Atlantic are filled with trafic as the great air liners pass and repass at. their 
appointed levels. At 3,000 feet the heavy tramps; at 5,000 feet the slim silver 
grey liners; at 10,000 feet the international patrol with a double ensign fluttering 
at the leader’s tail. The sky will throb with the soft whir of silenced engines. 


The flying hours of a long summer’s day will measure the distance from the Statue 
of Liberty to the ‘dome of St. Paul’s. 

I will close my lecture with a tribute to Wilbur Wright. I feel that he did 
more for the development of aviation than any other one man. He was his own 
designer and his own pilot. Inspired as he was by his faith in the ultimate future 
of aviation, he was a model of experimental genius and of sheer physical courage. 
Disease took him from the world in the flood tide of his achievement, but his 
memory will remain undimmed in the hearts of those to whom he bequeathed 
the kingdom of the air. 
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CORRESPONDENCE. 
To the Editor of the AERONAUTICAL JOURNAL. 


Sir,—I have found Lieutenant-Colonel H. W. S. Outram’s lecture on 
‘Ground Engineering ’’ very interesting. Since he invites constructive criticism 
I venture to send you my views. 


To begin with, the name ‘* Ground Engineer ’’ seems to me neither handy 
nor happy. ‘* Test Engineer’? would be better. Clipped short to ‘* Tester ’’ it 
would, at least, convey some idea of the fellow’s duties. And being similar to 
‘* Test Pilot ’’ would suggest that he might occasionally take the air instead of 
implying that he should never venture off the ground in one of the machines for 
which he is_ responsible. 


There is to be one ground engineer to an aerodrome it seems. And he is 
to sign a daily certificate in respect of each passenger-carrying aircraft which 
flles from his aerodrome on any day. By his certificate of airworthiness the 
ground engineer has to pledge himself that the craft ‘‘ is fit in every way for 
the flight proposed.”’ 


Too great a burden of responsibility is laid on the ground engineer.‘ Fit in 
every way’ involves the solution of complicated questions of fact and opinion. 
An aeroplane is a structure fitted with an engine. Its fitness for a journey 
depends on the due design, proper construction, and skilful) maintenance otf 
the component parts of both structure and engine. But it also depends 
on the suitability of engine to structure, on the proper installation of the engine in 
the structure, on the due distribution of fuel, cargo, passengers and pilots; on 
the due provision of petrol and oil, and of instruments and accessories and on a 
thousand and one other matters of fact and subjects of opinion. No single 
ground engineer or a busy aerodrome (when aerodromes get busy) will have 
either the time or the ability to give proper attention to all of these matters. 
But he will be compelled nevertheless as each craft takes the air to certify it 
“airworthy.’’ In practice the impossibility will be achieved by some form of 
delegation. A good ground engineer will rely on the engine mechanic for the 
running of the engine and on the rigger mechanic for the condition of the 
machine, devoting his own energies to general supervision and the resolution of 
problems of policy, opinion and doubt. The bad ground engineer will leave 
practically the whole of his job to the mechanics and reserve his own energies 
for the task of shifting the responsibility for accidents on to some one other than 
himself. 

From Colonel Outram’s Paper it appears that prospective ground engineers 
can be grouped in two classes and in three ways :— 

Crass I.—Woodworkers, riggers, aerodrome workexs. 
Crass I].—Metal-workers, fitters, shops workers. 

But at each aerodrome there is not to be more than one ground engineer, 
who will only be really an expert in one of these six ways. He will always be 
less expert in at least some of the other five than the mechanic whose trade it is 
and whose work it will be his duty to certify and supervise. A bad state of 
affairs. 
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What possible alternative is there? One ground engineer is an expense, 
two would be an extravagance and six an impossibility. 


The answer is that the profession of test engincer, like every other profession, 
must be graded with regard to qualifications, ability and pay. The lowest grade 
will be mere mechanics, do mechanic’s work and receive mechanic's pay. The 
higher grade will be engineers in fact as well as in name, and will be paid as 
engineers and do engineers’ work. 


Test engineers of all grades will be paid by the company which employs 
them, to whom they will also be responsible for the maintenance and safety of 
the machines. The lower grades will work on the machines with their own 
hands. 

But what about the certificate of airworthiness? Which of the grades is to 
be legally qualified to sign it? And how will the grading enable the certifier to 
be equally expert with regard to construction and maintenance, engine and 
machine, woodwork and metalwork ? 


Here again I think that the development of the subject is not proceeding 


along quite the right lines. There is a confusion of thought involved in the 
requirement that the ground engineer shall certify that the aircraft is fit in every 
way for the flight proposed. Airworthiness is a composite quality made up of 
facts and of opinions. The revolutions to be got from the engine are a matter 
of fact, and reducible to definite figures. The safest position for the petrol tank, 


the provision of life-buovs for passengers on sea trips and similar problems are 
a matter of opinion to be decided by experts. Matters of fact can properly be 
classified in tables and certified by mere mechanics. Matters of opinion are not 
reducible to figures and must be left to be certified in general terms by the trained 
and qualified engineer. 


My proposal is therefore this :— 


Instead of a single certificate of airworthiness made out for each machine 
every day by the sole ground engineer 1 would substitute 

(a) formal certificate of airworthiness to be signed by a senior tester 
in respect of each machine at regular intervals; which might, 
perhaps, be based on the flying hours of the machine. The 
certificate will state that having inspected the log books and_ the 
machine he is of opinion that the machine is airworthy, either ‘* in 
every way”? or for such and such a flight, or with such and such 
qualifications, or subject to such and such precautions being taken 
or extra fittings being added. 

(b) Informal log book certificates in respect of each flight (or each 
flving hour in a case where a series of short flights is being made); 
these will be signed by junior testers on stock forms, and will 
certify facts not opinions. 


Suppose now that an accident happens and it becomes necessary to allocate 
responsibility. The present airworthiness certificate is of little, if any, legal 
value. The oath of the ground engineer that he found the craft airworthy would 
shift the burden of proof on to those who denied it. But the picce of paper 


which certified this would not, as a rule, be admissible as evidence at all. This 
should be changed. The certificate of a senior tester (holding an Air Ministry 


licence at the time) should be made admissible in any court as prima facie evidence 
of the airworthiness of the craft according to the tenour of the certificate. 
Similarly the certificate of either a senior or a junior tester of any fact relating 
to the airworthiness of a craft should be admissible as prima facie evidence of 
the fact so certified. False certification would have to be made an offence, and 
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the putting in of a certificate would entitle the other side to give notice to 
cross-examine. The certificate of a tester who was dead, or for other good 
reason could not be called as a witness, would be admissible de bene esse, but 
would not operate by itself to shift the burden of proof. 


Reverting to the subject of the test staff at an aerodrome, it will be seen 

that my proposal involves :- 

(i) A senior tester in charge. He is a junior tester who has risen through 
having acquired an expert knowledge of the shops and the aerodrome, 
of the trades of rigging and of fitting and woodwork and metalwork. 
He has shown that he has ability and can inspect as well as test. He 
gets an engineer’s pay. 


(ii) Junior testers of varying experience and abilitv. They start as 
mechanics. Some in the shops and some on the aerodrome. Some are 
experts in wood, others in metal; some riggers, some fitters; some will 
rise, others not. They work on the machines and get mechanic’s pay 
of varying amounts. 


Set over the testers are the Air Ministry inspectors. They are relatively 


few in number, are not attached to any aerodrome and were previously testers 
themselves. They are chiefly concerned with licensing, supervision and_ the 
investigation of accidents. They do not sign certificates. 


P. T. Carnen. 
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